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Performance Guaranteed by 
Integrated Hydraulic Servo-Motor 


Completely new package developed for 
missile, aircraft and ground support control 
systems cuts breakaway torque sharply and 
reduces minimum smooth output speed. 


This integrated package consisting of a servo valve 
and a specially designed, high case pressure hydraulic 
motor sets a new performance standard for electro- 
hydraulic servo-motors. Applications requiring con- 
tinuous, precise output speeds in either or both direc- 
tions over the entire range are ideally suited to this 
design. (see chart at left) 


Your system requirements will be met precisely 
with this thoroughly tested package whose basic 
elements (hydraulic motor and servo valve) have been 
blended into a compatible operating control-actuator. 
This condition can seldom be attained when elements 
provided by two or more manufacturers must be 
matched. Compared with conventional manifolded 
components, the integrated Vickers package offers 
these specific advantages: 


Unique Motor Design—High case pressure design 
eliminates internal axial forces and permits an 
optimum standby efficiency. 


Lower Breakaway Torque—When compared with 
motors manifolded to servo valves, starting or break- 
away torque is reduced by a factor of 8. 


Lower Smooth Speed—Minimum smooth speed ob- 
tainable is reduced by factor of 5. * 


Reduced Size and Weight—Weight reduced by 20%; 
size by 30%. 


High Reliability—Contamination can’t be introduced 
during field assembly. Elimination of tube ports, 
fittings, and bolt-together components further reduces 
potential problem areas. 


High Response—Results directly from low volume of 
oil under compression. 


More Filter Capacity—Control flow to servo valve is 
filtered by large, self-cleaning, 15 micron nominal filter. 


More data is available in Bulletin A 5256. Write 
for your copy today. 


AERO HYDRAULICS DIVISION 
VICKERS INCORPORATED eiteet 


DETROIT 32, MICHIGAN SPERRY RAND 
TORRANCE, CALIFORNIA CORPORATION 


PROGRAMMED POWER IN: FLUID TRANSFER « 
POWER TRANSMISSION « ENERGY CONVERSION 
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DEPARTMENTS: 
INTERESTING TO NOTE 
WHAT'S NEW IN RESEARCH 
DEVELOPMENTS TO WATCH 
THE ENGINEERING WEEK 
POINTS OF VIEW 
READER TO EDITOR 
MEETINGS 
FY! PERSONAL 
HORIZONS 
PRODUCT DESIGN 
DESIGN FILE 
SIGNIFICANT COMPONENTS 
DESIGN LITERATURE 
ADVERTISERS INDEX 
READER SERVICE CARDS 


MATERIALS: 


MECHANICAL 


ELECTRICAL: 


PRODUCT DESIGNS: 


GENERAL: 
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FEATURED: 


ACCELERATION OF LOW-COMPLEXITY MECHANISMS... . J Hirschhorn 


Author tells what they are; gives his simpler analysis method. . 


BEST HEAT TREATMENT FOR PH STAINLESS STEELS .. . D C Ludwigson 
Fabrication method decides which hardening sequence is best. . 


HOW TO SELECT A FLOWMETER .. . C C Miesse and O E Curth 
Roundup of available types, and simplified selection procedure 


SINGLE NOMOGRAPH FOR 18 CONSTANT-STRENGTH BEAMS .. . W Griffel 


Finds total load the beam will carry, and maximum bending moment... . 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Titanium alloys rated for weldability 
Hot hardness is measured by rebound 
Gold films tackle dry-lube jobs 

New plastics family makes debut 


Costs cut on aluminum superalloy 


Retainer reservoirs aid dry-film bearing lubrication 

Tight fit improves pin joints 

This tool control thinks ahead 

Multiple adhesives multiply strength of joint. . 

Face-type shaft seals disassembled, reassembled by hand...... 


Anodizing process is key to higher temperature motors 
Mechanical loading controls electrical switch 

Control device blamed for Mercury-Atlas failure 
Modular indicator light uses filter to give colors 


Engines tailored for design needs 


Promise of new products spurs research growth 


Summer instruction offered to engineers 
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STEVENS Major Appliance THERMOSTATS 


Leading major appliance manufacturers are turning to Stemco Commercial 
Thermostats in increasing numbers for the same reasons that have made 
Stevens the big name in table appliances: Fresh, creative thermostat designs 
that perform better, longer . . . broad product line that enables appliance 
designers to satisfy all special requirements with a production line 
thermostat, or minor modification thereof... meticulous testing, calibration 
and quality control that banish service problems . . . realistic pricing 

for volume. Contact our Applications Engineering Dept. for 

solution to your thermostatic control problems. 


* Table appliances, too: Skillets, saucepans, griddles, inhalers, 
fans, steam and flat irons, roasters, fry kettles, butter 
warmers, waffle irons, electronic and avionic applications. 


Stemco Type GP Thermostats, one of a family disc type 
potted thermostats for moisture resistance. Used on refrigerators, 
freezers, coolers, etc. Fast response and quick, snap action control. 
@eeeeeaeaceaee ee eeceeee eee eeeee ee ee ee @ @eeseeounvoeeeoeeee*ne020e282802080668080 
Stemco Type GY Thermostat, one of a number of similar designs 
with exposed or enclosed bimetal disc for dryers, heaters, air 
conditioners and similar applications. Various terminals 
and mounting provisions. 


STEVENS manufacturing company, inc. 


P, O. Box 1007 * Mansfield, Ohio 
THERMOSTATS 


Creative designers and competitive producers of the best in bimetal thermostats 
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Flowmeters—This Month’s Special Report 


Scientists and engineers depend upon each other’s labors 
in the development of many products, from concept to 
hardwear. Likewise, editors depend on collaboration with 
engineer and scientist in the preparation of feature arti- 
cles. The Special Report, “How to Select a Flowmeter,” 
is an example. Editors Frank Yeaple and Frank Hall asked 
Armour Research senior scientist Dr C. C. Miesse and his 
associate, O. E. Curth, to prepare a treatise on flowmeters. 
Their report was then passed along to two working engi- 
neers who evaluated the material and re-worked it with the 
design engineer in mind. You will find the result of six 
men’s labors—about 300 man-hours of researching, writing, 
condensing and editing—reduced to the 12 pages starting 
on page 35. 


Power—from Powder to Gasoline 


If the invention of gunpowder did nothing else con- 
structive, it at least made man consider it as a new power 
supply. Just as with the atomic bomb years later, gun- 
powder led scientists to seek peaceful uses for its destruc- 
tive force. The first attempts to harness gunpowder in 
any sort of mechanism ended in failure. In the latter 
part of the 17th century, the Dutch scientist Christian 
Huygens, by burning some gunpowder in a cylinder, raised 
a balanced piston. But as soon as the gases cooled, atmos- 
pheric pressure forced the piston down. 

After Huygens’ death, Denis Papin tried his luck with 
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the internal combustion engine, substituting the expansive 
force of steam for that of burning gunpowder. Again 
failure. The first internal combustion engine that actually 
ran was Cecil’s hydrogen engine of 1820. This was a 
vacuum engine powered by exploding a mixture of hydro- 
gen and air. Then, in 1859, a Frenchman, Etienne Lenoir, 
designed an engine that ran on a mixture of gas and air. 
Liquid fuel, burned outside a cylinder, produced combus- 
tion gases that entered it by a slide-valve mechanism similar 
to that of a steam engine. 

Lenoir wasn’t the only one making engines. In 1864, 
German salesman N. A. Otto teamed up with an engineer 
from Cologne, Eugen Langen, to produce an atmospheric 
engine that sold very well. Twelve years later, Otto in- 
vented his 4-cycle engine. It gave a tremendous impulse 
to the embryonic automobile industry in both Europe and 
America. (As a token of gratitude, Henry Ford commis- 
sioned a bust of Otto for his museum in Dearborn.) The 
4-cycle engine didn’t stop with automobiles. As the article 
on page 30 points out, a new die-cast aluminum engine 
promises many applications. 


The Patent Story 


In 1641, the Massachusetts General Court convened to 
discuss the question of granting Samuel Winslow a mo- 
nopoly to make salt by his “novel method.” The decision 
was yes—the first patent granted on this continent. Five 
years later, Joseph Jenkes appeared before the same court 
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to request a patent for a certain tvpe of mill to manufac 
ture scvthes. Again the court concurred, and Jankes be- 
came patent-holder No. 2. ‘That's the way it went. For 
more than a century the only way to win a patent was by 
special appeal to the governing body in one of the Colonies. 
[hen came the Constitutional Convention, which met 
in Philadelphia in 1787. One subject discussed was a bet- 
ter method of granting pro 
tection to inventors and au i 
thors. Although there. still = my 
existed a widespread fear of THATAG | 
“monopolies” of the kind “oe 
granted by European mon- — 
archs, no objection was raised P} 
to the principle of granting 
limited monopolies in_ the 
form of patents on inven 
tions. On Aug 18, both James a 
Madison of Virginia and Charles Pinckney of South Caro 
lina submitted proposals regarding the protection of inven- 





tors by means of patents, and on Sep 5, a clause concerning 
patents was adopted by the convention 

Subsequently, on Apr 10, 1790, President George Wash 
ington signed the Patent Bill. For the first time in history 
the intrinsic right of an inventor to profit from his inven- 
tion was recognized by law. The new law placed the 
responsibility for granting patents upon a board made up 
of the Secretary of State, Secretary of War and the Attor- 
ney General. This board could issue a patent for any 
period of time it deemed suitable—but not to exceed 14 
vears. ‘This system of awarding patents had obvious draw 
backs; also, the board became tied up in details and 
couldn't function smoothly. Three vears after its inception 
it was abolished, and the Secretarv of State was given sole 


responsibility for granting 
patents. To receive a pat- 
ent, an applicant merely 
submitted drawings, paid a 
$30 application fee, and 
the rest was just a clerical 
function. 

In 1836, Sen John Rug 
gles of Maine completed a 
report which stated that 
“for more than 40 years 
the Department of State 
has issued patents on every 
ipplication, without any 
examination into the mer- 
its or novelty of the inven- 
tion. Many patents granted 
are worthless and void and 
conflict upon one another, 
and a great many law suits 
irise from this condition.”’ 
his led Congress to pass a new law, establishing the so- 
called “American” system of granting patents. And nine 
days after Congress acted, Patent No. 1 was issued for a 
“locomotive steam-engine for rail and other roads.” Its 
recipient—the same senator from Maine, John Ruggles 

This year therefore marks the 125th anniversary of the 
US Patent Office. To date, it has granted more than three 
million patents. The basic patent system has remained 
relatively intact since 1836, although there have been 
many suggestions for improvements. On page 20 an engi- 
neer takes a look at our patent system and presents a point 
of view that bears consideration. 

Benedict A Leerburger Jr 


David L. Laddis, our newly 
designated Commissioner of 
Patents. 








assurance. 


design problems. 








NEXT WEEK IN PRODUCT ENGINEERING 


Value—The Rising Emphasis in Design 
Chief editor E. J. Tangerman prepared this special study of specialist services 
in design engineering—reliability, value analysis, value engineering, quality 


New Developments in Bearing and Gear Lubrication 
Handy equations, design charts and performance data enriched this year’s 
ASLE meeting. Here’s an on-the-spot report. 


Closer Look at Fiberglass-reinforced Thermoplastics 
As with thermosets, the technique creates entirely new materials, which bring 
the performance of thermo-plastics nearer to that of metals. 


How to Put Flexible Tubing to Work 


Its ability to conduct air, liquid, dust and granular solids through cramped 
passages and around obstructions, in a variety of environments, solves many 
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within 24 hours 


of receiving your order for Timken* 52100 steel tubing, we will have the shipment on its 
way. You can get fast service like this on less than mill quantities because we stock 101 sizes— 
from 1” O.D. to 104%” O.D.—in our modern warehouse. And you can get the same fast 
service on 50 sizes of 4620 tubing. To save time and money, 
keep in mind that 90% of all your structural parts can be 
made from one or the other of these two steel analyses. 
For full details, call or write for our book “Alloy Steel 
Mechanical Tubing Stock List’, The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 


Cable: “Timrosco”. Makers of Tapered Roller Bearings, Fine we CT} IR F L 
Fine Alloy Steel and Removable Rock Bits. Alloy 


PRODUCT ENGINEERING + MAY 8, 1961 CIRCLE 5 ON READER SERVICE CARD 





Titanium alloys rated 
for weldability 


Top rating for weld ductility goes 
to Ti-2.5 Al-l16 V, says CalTech’s Jet 
Propulsion Lab. It’s been making 
bend tests on half a dozen high- 
strength alloys (yield strengths in ex 
cess of 150,000 psi) and rates the 
materials in this order: 2.5 Al-l6 V 
(most weldable), B 120 VCA, 6 Al-4 
V, 3 Al-6 Mo, 4 Al-3 Mo-lV, and 
RS 140 (least weldable). 

Samples welded after aging showed 
larger fracture deflections and smaller 
moduli of rupture than those welded 
before aging. 


Retainer reservoirs aid 
dry-film bearing lubrication 


Modification of bearing retainers 
to provide small, reservoir-like de- 
pressions in retainer-ball pockets can 
significantly improve the performance 
of dry-film lubricants at elevated tem- 
peratures, the Naval Air Materials 
Center reports. 

Tool-steel bearings operating in 
modified cast iron retainers 
showed a useful performance at 750 
F and 3500 rpm of several hundred 


such 


hours. For the tests, Navy used its 
own dry-film composition, a molyb- 
denum disulfide-graphite-sodium sili- 
cate mixture. 

Work is now in progress to deter- 
mine the optimum reservoir geome- 
try. A report on results thus far is to 
be presented by M. J. Devine, E. R. 
Lamson, and J. H. Bowen Jr of 
NAMC at this week’s ASME lubri- 


cation symposium. 


Tight fit improves 
pin joints 

Fatigue strength of pin joints can 
be increased by using a tighter fit than 
is normally specified, says Britain’s Na- 
tional Engineering Laboratory. 

In fork-and-tongue connections 
joined by a transverse pin, NEL 
recommends using a larger pin than 
would be suggested by elastic stress 
analysis, with a high interference fit 
between pin and tongue. Fluctuating- 
load tests indicate that capacity of 
such joints can be increased by a 
factor of 8 or more (from about 2000 
Ib to nearly 20,000) for a life of 10 
million cycles. 

To get around assembly problems 
posed by interferences on the order of 


0.008 in./in. of dia., interference- 
fit bushings can be used. They can 
be pressed in prior to joint assembly 
with clearance fit pin; and, NEL says, 
the completed joint shows a strength 
comparable to those having solid pins. 


Atom briefs . . 


Boron can protect tantalum from 
oxidation at temperatures to 3200 F 
in air, as well as from attack by 
molten metals, AEC researchers re- 
port. By depositing an elemental 
boron coating on tantalum parts and 
then converting that coating to a 
tantalum monoboride composition, 
an adherent deposit is formed. Pri- 
mary aim of the development was 
to permit tantalum’s use in liquid- 
metal-fueled nuclear reactors. Infor- 
mation on the process, as applied for 
that purpose, is contained in a British 
patent (840,203). 


A new research program on higli-tem- 
perature materials may replace the 
now-cancelled nuclear aircraft project. 
AEC has requested $25 million for 
basic studies of materials and com- 
ponents, and believes the results will 
have broad applications outside the 
nuclear aircraft field. —ARG 





Rebound measures hot hardness 


The bouncing of a tungsten carbide 
ball, remotely and electronically moni- 
tored, is providing Britain’s Caven- 
dish Laboratory with an effective way 
to measure hardness of refractory ma- 
terials. Measurements have been 
made at temperatures as high as 3000 F 
on such materials as titanium car- 
bide, and tungsten carbide itself. 

Interestingly, while all the refrac- 
tories tested decrease in hardness as 
the temperature increases, the pat- 
terns of change differ. ‘The hardness 
of tungsten carbide, as measured by 
height of rebound, decreases almost 
linearly over the full range; while 
titanium carbide holds almost con- 
stant to about 1800 F and then drops 
off sharply. 

The equipment consists of a resist- 
ance-heated vacuum furnace, fitted 
with a ball-dropping and magnetic 
ball-catching mechanism; and a light 


6 


source, photo-multiplier tube and 
electronic counter for monitoring 
height of rebound. Specimens are 
disk-shaped, 4 to 1] in. dia and thick- 
ness. Balls are 4 in. dia, and are 
dropped from a height of 22 in. 

The diagram shows how the moni- 
toring system works. As the ball 
drops from its initial position I past 
the monitoring point M, the system 
comes into action; but counting does 
not start until it rebounds past M on 
its way to the rebound point. As it 
falls back past M, counting stops. The 
total time count, from M to R and 
back to M, makes it possible to calcu- 
late height H = 4 gt’, where t is 4 
the total time count. Adding the 
fixed distance m gives the total height 
of rebound (h), which may be plotted 
directly against temperature. 

There are still problems in design, 
but results are reproducible. 
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HOT HARDNESS of specimen sup- 
ported on graphite block is measured 
by time-of-flight determinations. Since 
ball itself is held outside furnace, and 
spends little time inside, it is not 
likely to soften or overheat. 
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MASTER MULTIPLIER 


one th nginm nd 


ery SL ec/Tic 


In our humble opinion, Brer Rabbit's 


multiplier is vastly 


reputation as a 


overblown. Compared to Printmaster 


900 he’ Brother 
Rabbit 


Printmaster 900 wi cess any dry 


hi nself 


diazo material up to 42° wide. In one 


pass. Without sticking. And at speeds 
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up to 75 feet per minute 


omers a n ajor advance 


Ing new, sieeveiess, 


OZALID 


WE REPEAT 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 


developing, exclusive w 





slip sheets. No sealing slee 





no costly electron tube 

comptroliers please note 
investment. All Ozalid Wt 
can be bougnNt, leased or rented without 
ng up capital. Like the full, dollar- 


saving story on “900°? 


Printmaster 900. 8/9 repr 


Heavy 


Remember: for best results from Ozalid 


Whiteprinters use Ozalid Paper and Ozalid 
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Multiple adhesives multiply strength of joints 
By combining adhesives—using several types in a single joint—it’s possible to increase 
structural strength as much as 25%, says S. J. Dastin of Republic Aviation. The tech- 
nique does not just involve chemical mixing of the compounds; but, also, specification 
of different adhesive formulations for different parts of the joint. 

Tests were made on high-strength steel rocket motor cases using overlapping ring 
construction; and the “composite’”’ adhesives were so selected and applied that shear 
modulus would be at a maximum at the center, tapering off towards the ends. Joints 
made this way, says Dastin, show a strength of 3900 psi, as compared to 3100 psi for 
those made with the best available conventional adhesives. 

In a typical joint, the center section may be an epoxy-phenolic combination; the 
intermediate sections, vinyl-phenolic; and the closure sections, acrylonitrile-phenolic. 

Republic has patented one “composite adhesive” system and is now investigating 
other combinations, using polyamide-epoxies, rubber-phenolic-epoxies, and epoxy-sili 
cone-phenolics in addition to those mentioned above. 


Gold films tackle dry-lube jobs 


To the growing list of unusual materials being tested as high-temperature dry lubricants 
(PE—May 1, p 6), Southwest Research Institute now adds gold. With thin, vapor- 
deposited gold films, coefficients of friction less than 0.2 have been obtained under a 
variety of test conditions ranging from room temperature to 2000 F and from atmos- 
pheric pressure to 10° mm Hg. 

Several tests were run of precious-metal film lubrication on cermets in air at high 
temperature (1600 F), for times ranging from one to five hours, at contact pressures 
of 7500 psi, and rubbing speeds of 20 fpm; the resulting wear tracks had a high polish. 

SRI is also working on new cermet materials for the bearings themselves (PE—Apr 
24, p 9), and is investigating gas-formed surface compounds and a varicty of glasses and 
dry powders as lubricants-of-the-future. 


This tool control thinks ahead 


\ tool control that stops the 
machine before it makes a ma- 
chining error has been devel- 
oped by EMI Electronics Ltd 
and is now undergoing exten- 
sive shop tests. 

It’s an angle safety unit which 
derives its control information 
from the built-in computer that 
controls the machine. However, 
EMI says, since it continually 
has access to the computer out- 
put before it is actually used to 
control the machine, it is able to 
predict a fault and stop the ma- 
chine before the machine fol- 
lows the mistake. 

In EMI’s contour-control svs- VERTICAL MILLING MACHINE was chosen for test installation 


of fault-detection system because of its sturdy design and adapt- 


tem, a resolver, the angle of k. ' 
ability to automatic contour-control system (installed here at left). 


whose shaft continually indicates 
the angle of the surface of the 
contour at the point being cut, shows how much the machine has just been told to 
move and how much it is going to be told to move. 

If angle of the surface changes suddenly by more than a preset amount due to an 
offset point, the advance information sampling immediately detects the transient and 
trips the safety circuits. 
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Nickel-Chrome Plating shines through the 
years of wear she'll give this bicycle 


Nickel-Chrome Plating is more than a 
match for the hard wear that means 
bicycling fun for youngsters. It’s beauti- 
ful, it’s durable—and stays that way— 
despite rain, dust, bumps and scratches. 


Rugged resistance to corrosion and 
lasting protection for the basis metal are 
why the manufacturers of this beautiful 
bicycle specify Nickel-Chrome Plating. 
It's put to work where wear is at its 
worst—on cranks, sprockets, wheel rims, 
fenders, handlebars and wire and tubu- 
lar luggage carriers. 


Nickel-Chrome Plating works so well 
with so many basis metals. It gives de- 
signers true flexibility in selecting basis 
materials for top performance, simpli- 


fied fabrication, and practical produc- 
tion cost. And it gives metal finishers a 
coating system that protects the product 
for years of rugged wear. 


Plan to use Nickel-Chrome Plating. 
Automotive trim...large and small appli- 
ances...hand plumbing fixtures...almost 
any product can have a durable, attrac- 
tive finish—no matter what basis metal 
or fabricating method is used. For more 
information on decorative plating, write 
for your copy of “The Contribution of 
Nickel and Chromium to the Durability 
of Decorative Plating.” 


The International Nickel Company, Inc. 


67 Wall Street Aiko, New York 5, N. Y. 


Inco Nickel © 


Nickel makes plating perform better longer 


PRODUCT ENGINEERING - MAY 8, 1961 


a 
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Arrows indicate where Nickel-Chrome 
Plating is used for shining good looks and 
rugged service. 
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continued 


| DEVELOPMENTS TO WATCH... | 








Mechanical loading controls electrical switch 
A miniature electrical switch that closes 
when a predetermined weight load is 
applied has been patented by two 
Union Carbide engineers. 

It has a cupped metal container, dim- 
pled at the bottom, in which a flanged 
metal plunger moves (see diagram). At 
bottom of the cup, supporting the 
plunger, is a resilient, nonconductive 
O-ring. Spacing and materials are so 
chosen that when a predetermined load 
is applied, the ring is compressed, and 
the plunger makes contact with the 
dimple, closing the switch. Its designers 
say the switch may be used in circuits WEIGHT-ACTIVATED SWITCH closes 
which require abnormally high resist- | when plunger makes contact with dimple. 
ances when the contacts are open (re- The flange on the gasket serves as a seal. 
sistance values can be on the order of 
1 x 10” ohms if fluorocarbon gaskets are used at top and bottom); and the entire switch 
can be encapsulated for submerged use. A broad range of operating temperatures is 
possible too, through proper selection of materials for O-rings and gaskets. (Silicone 
rubber, for instance, will permit operation from —40 to 160 F.) 


+— Gasket 





























Anodizing process is key to higher-temp motors 

A new process for anodizing aluminum magnet wire is permitting North American 
Aviation to design motors for long-term operation at 600 F and above. The process is 
a reversal of standard techniques. Instead of using pre-anodized wire for winding the 
coils, NAA does the winding first, then anodizes (using a specially controlled chromic 
acid process), and finishes the job with an oil sealant in place of the commonly used 
dichromate solutions. This way, E. Clements of NAA says, higher quality (less brittle) 
coatings with a dielectric strength of 1400 volts/mil are obtained, and at substantially 
lower cost. 

The encapsulating system for these coils is novel too. After testing a wide variety 
of compounds, NAA settled on a fibrous ceramic cement—a material ordinarily employed 
to hold strain gages in place for high-temperature testing. 

The system is now in use on thrust actuator motors, and others are in the design stage. 


New plastics family makes debut 
Soft, pliable olefin plastics of a new type, similar to vinyls in many respects but offering 
several advantages over them, are on the way. 

The materials: ethylene-ethyl acrylate copolymers. They can be injection-znolded 
on conventional equipment, need no compounding and no plasticizers to achieve 
their flexibility, and are potentially low in cost, particularly since they are compatible 
with low-cost fillers. 

First on the market is Dow, with a material priced at 324¢/Ib in truckload quanti- 
ties. But another company holds basic patents in the field and a third is actively pur- 
suing polymerization research. 


Costs cut on aluminum superalloy 


High-strength cast aluminum at 25% lower cost is promised by Reynolds Metals Co 
as it gets ready to market a civilian version of Tens-50. This superalloy has thus far 
found its major application in military products. 

The new version, says Reynolds, is similar to Tens-50; but beryllium content has been 
sharply reduced. This means a substantial reduction in alloy cost. However, since 
the function of the beryllium is to overcome brittleness caused by impurities, the 
lower percentage will mean need for closer control in the foundry to achieve the low 
porosity, desirable chill, and strength (close to 50,000 psi) that characterize the 
original alloy. —ARG 
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An example of Avisco Rayons in Industry 


It’s easy to make non-wovens on your 
present wet system with Avisco rayons 


Avisco rayon fibers are ideal for making non-wovens on 
your existing wet system because fiber lengths, diameters 
and physical properties can be precisely controlled. You 
get all the economy of high-speed wet system operation 
plus the tremendous versatility of rayon. 

Non-wovens of Avisco rayon can be made lustrous or 
dull, strong, flexible, drapable. Consider these fibers for 
napkins, table cloths, wiping cloths, filters, hospital 
sheets and pillow cases, disposable garments of all 
types, draperies and other applications both industrial 
and domestic. 


Write for information on rayon in non-wovens, pro- 
duced on the wet system. Send in the Quick Reply 
Coupon at right. 


QUICK REPLY COUPON 


Industrial Merchandising Division 
American Viscose Corporation 
350 Fifth Avenue, New York 1, N.Y. 


Please contact me about Avisco Rayons for use in the 


following application: 





Name 





Company 
Address 








Zone____State 





fase cetbeuecnsh aanineten Gab aeeenebeneanemnell 


AVISCO = RAYON 


AMERICAN VISCOSE CORPORATION, 350 Fifth Avenue, New York 1, 
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Are your bookkeepers better equipped 
than your engineers or draftsmen? 


You certainly want your bookkeeping department 











to have the latest equipment to maintain accuracy and 
output—but your highly trained professional 
engineers or draftsmen need today’s tools, too—for the 
high production efficiency you’ve a right to expect. 


Your draftsmen, your productivity, deserve 
new Hamilton space- and time-saving 
equipment from Dietzgen 


Inefficient, obsolete equipment in your drafting department 
may be stealing dollars from you every working day! Top 
professional draftsmen work better, work smarter, make 
fewer errors when they use premium-quality Hamilton equip- 
ment. Boosts morale, too! Watch your top men respond to 
the professional challenge of smart modern Hamilton units 
engineered to fit your needs. Learn why thousands of firms 
have selected Hamilton year after year . . . call our designers 
for planning help without obligation, of course. 


HAMILTON L-CONTOUR TABLE Sturdy, counter- 
balanced drawing surface travels full 20’—permitting 
frequent position change, greatly reducing fatigue—quickly 
adjusted to individual requirements for each individual job. 
Board completely stable in all positions, horizontal to 
vertical. Modular construction permits arrangements to 
suit specific needs — right or left reference desk position 
optional. Ruggedly made, durably finished with long-life 
drawing and reference surfaces. 





Hamilton CL 100 Drafting Table 
Conserves dollars, yet rugged canted-leg 
design provides modern styling and 
convenience with long-term durability. 


Hamilton Auto-Shift Table 

Built-in mechanism adjusts board to in- 
dividual height and slope requirements, 
provides full accessibility, reduces errors. 


Hamilton Unit System Files 
Provide full protection, accessibility, and 
classification for all materials to be filed. 
Occupy minimum floor space. 


Poses aos 


Drafting-Printmaking Booklet 
reports new techniques for solving 
engineering and production problems 


a. / 


This new 36 page booklet describes a 


wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 


ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. 
Ask for Publication SPD2-A10. 

Eugene Dietzgen Co., Chicago 14, Illinois 


12 CIRCLE 12 ON READER SERVICE CARD 


SURVEYING & PRINTMAKING: ie 


PRINCIPAL OFFICES: CHICAGO ~- SAN FRANCISCO 


NEW YORK « NEW ORLEANS «- LOS ANGELES + CALGARY 


SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 
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How Aeroquip Prototype Plumbing 
Service Reduces Your Design Costs 


Aeroquip’s Fluid Piping Service offers major equipment 
manufacturers many time-saving and money-saving ad- 
vantages at the prototype stage. Applying unmatched 
fluid piping experience, highly skilled Aeroquip specialists 
can assist your engineers in checking flow and pressure 
characteristics, installation, routing, and support clamping 
on fluid piping. Expert recommendations can help eliminate 
potential problems which might arise later, requiring 
costly modification. 

Backed by the most complete line of fluid piping 
products, Aeroquip’s experienced engineering team can 
also provide assistance in design, production, service 
parts and after-sales service in the field. This unique 
start-to-finish fluid piping service helps assure maximum 
performance, long life, greater owner satisfaction and 
reduced field service complaints. 

For complete details, call your nearby Aeroquip sales 
engineer, or write to us. 


=~eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


INDUSTRIAL ~~ VAN WERT, OHIO + WESTERN DIVISION, BURBANK, CALIFORNIA 
EROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 


AEROQUIP PropecTs ARE PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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* DESIGN 
PROTOTYPE 
* PRODUCTION 
* FIELD SERVICE 
* SERVICE PARTS 


Aeroquip fluid piping special- 
ists can work with you in every 
phase of manufacture to as- 
sure maximum performance of 
fluid piping systems on your 
products. 


Aeroquip now produces a wide range 
of fluid piping products, including 
hose assemblies with standard or spe 
cial tube configuration fittings, Self- 
Sealing Couplings and a new line of 
tube fittings. 





Booths 619 ond 71! 
DESIGN ENGINEERING SHOW 
May 22-25, Cobo Hall, Detroit 


SEE AEROQUIP PRODUCTS ON DISPLAY 
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BREAKTHROUGH IN 
PRESSURE SWITCH ACCURACY 


at reduced prices 


The high accuracy associated with instruments costing several hundred 
dollars is now obtainable with new Barksdale pressure switches at a 
retail cost of $19.00 to $30.00. Accuracy of +0.5% is guaranteed and 
+0.2% accuracy can be supplied when required. Substantial price re- 
duction is accomplished by use of erector set design and a major invest- 
ment in production tooling. A wide choice of “tailored to the job” features 
(see column at right) meets your specification requirements exactly. 


ADJUSTMENT 





eo INSTRUMENT 
LEAKPROOF QUALITY 
WELDED : SNAP ACTION 
DIAPHRAGM SWITCHES 


THESE POINTS ARE IMPORTANT 


WE BUILD IN WE DON’T USE 


EXTREME ACCURACY LINKAGES & 
and DEPENDABILITY BEARINGS 


maintained during which, as they wear, 
operating life due to make the setting of the 
pe acting design pressure switch drift. 


OPERATION UID SWITCHING 


IN ANY POSITION — ELEMENTS 


which saves the installation 

costs encountered in mount- which make the switch 

ing a switch that uses liquid difficult to mount and 
very critical to vibration. 


switching elements 
ACCORDION 


IMMUNITY 
BELLOWS 
which make the 


TO VIBRATION 
pressure Switch 


you can mount the switch 
directly on your vibrating 
or moving equipment. sensitive to vibration. 


PRESSURE SWITCH DIVISION Ir 


arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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New line of Barksdale pressure switches announced 
Improved accuracy, reduced cost and higher proof pres- 
sures are advantages made possible by design innovations 
in the new Barksdale diaphragm pressure switches. Accu- 
racy of 0.5% as compared to the customary +1.0% is 
guaranteed, and each unit is tested for repeat accuracy of 
set point and re-set point before shipment. Accuracies of 
*0.2% are available on request. 


Erector set design offers dual benefit 

The basic unit of all Barksdale diaphragm pressure switches 
is a diaphragm surrounded by a heavy protective capsule 
to which components may be attached as required. Addi- 
tion of a switch, switch bracket and adjusting bracket to the 
basic unit makes a stripped switch for use in a common 
cabinet with other electrical devices. (Original equipment 
manufacturers need not pay for a housing which is not 
needed.) Addition of a sealed housing to the stripped switch 
completes a weather- and vapor-tight switch unit. A stand- 
ard housing with integral terminal block or an explosion 
proof housing with integral terminal block may be specified. 
Erector set construction allows a wide choice in specifica- 
tions that approximates a custom made switch and permits 
use of cost-cutting mass production methods that are re- 
flected in lower prices. 


Proof pressures to 600 psi 

In the low settings the new Barksdale pressure switches will 
actuate at 0.1” mercury with proof pressure to 10 psi. In 
higher ranges they will go up to 600 psi proof pressure at 
settings to 400 psi. This makes it possible to use inexpensive 
diaphragm pressure switches on installations that presently 
require higher priced bourdon tube switches, 


Important additional advantages 

Because the housings of Barksdale pressure switches are in- 
dependent of the sensing and switching mechanisms changes 
in ambient temperature. will not throw these switches out 
of adjustment. 

The adjustment brackets are specially designed to protect 
switch terminals against shorting during adjustment. 

Lead wires are held down by a tension clip. They cannot be 
pulled out accidently and thereby throw off the switch ad- 
justment. 

Mounting brackets may be oriented in any of four direc- 
tions. 

Tamper proof adjustment covers have servicing instruc- 
tions on the inside to allow for painting of the units. 


Standard pressure connection is %4” n.p.t. female pipe fit- 
ting. One-half inch fittings suitable for mounting directly 
on 2” pipe can be supplied on request. 


Standard housing has '2” nps conduit connections and a 
terminal block. The latter is accessible without removing 
the housing by lifting a cover plate. 


Ask for new catalog and handbook 

Complete details on Barksdale diaphragm, piston and bour- 

don tube pressure switches are included in a new catalog 

and handbook. This free book is a practical aid in planning 

the vital link between your electric and hydraulic circuits. 
It contains a glossary of terms, a schematic 
demonstration of operating characteristics, 
and a suggested step-by-step procedure for 
simplifying pressure switch selection. In ad- 
dition, the book gives a complete run-down 
on all the detail features leading to the unit 
that answers your specific control problems. 
Send for your copy now, or ask your Barks- 
dale representative. 
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Promise of New Products Spurs Research Growth 


New Yorx—If the recession of the 
past 9 month has cast a gloom on 
corporate financial offices, it has not 
shown on their R & D budgets. A 
survev just released by the McGraw- 
Hill Department of Economics indi- 
cates that research this year will touch 
$10.5 billion compared with $9.8 bil- 
lion last year. And company manage- 
ments envision an increase to $11.7 
billion by 1964. The figures include 
only that portion of government R & D 
being spent by industry; it excludes 
government R & D at universities and 
government labs. 

The increases are universal through- 
out all industry. One of the largest 
gains this year shows up in electrical 
equipment, where R & D is expected 
to rise 11% over 1960, reaching $2.017 
billion. The aircraft industry remains 
the largest R & D spender, with com- 
posite budgets amounting to $3.72] 
billion—a 7% gain over last year. This 
level is expected to hold through 1964. 
Looking ahead, machinery may be 
about to show one of the sharpest 
growth curves in industry. Already, it 
plans to spend $827 million on R & D 
in 1964—a 15% rise over this year. 


NEW PRODUCTS, THE GOAL 


Product development is a powerful 
impetus behind these programs. Over 
all, manufacturing firms anticipate 


that 14% of their 1964 sales will be 
in products not now existing, or sub- 
stantially altered. This is the highest 
rate of new-product expectations yet 
uncovered by one of the McGraw-Hill 
surveys. Transportation equipment 
dominates the statistics with some 
29% of projected 1964 sales in items 
not now on the market. Also signifi- 
cantly above average are the machinery 
industry with 23%, chemicals with 
20%, and electrical machinery with 
16%. 

How reliable are such judgments? 
Can a company predict three years in 
advance whether its R & D projects 
will proceed on schedule, and, if so, 
will anticipated markets still exist? To 
this, the McGraw-Hill economists 
reply that industry has been remarka- 
bly accurate in the past. One survey 
question asked how much of 1960 
sales were in products not existing in 
1956. Over-all, industry answered 10% 
—exactly what was predicted four 
years ago. Each industrial group (i.e., 
aircraft, electrical machinery, etc.) 
came within 5% of earlier expecta- 
tions. 

A considerable portion of this year’s 
R & D won’t begin showing until well 
after 1964. To a question on how long 
it takes research to pay off, most com- 
panies—about 55%—answered three 
vears or less. But for the remainder 


R & D TREND IS STILL UPWARD 


(millions of dollars) 


Industry 


Primary metals 

Machinery... . 

Electrical equipment 

Aircroft & parts........ 
Fabricated metals & ordnance 
Professional & sci. instruments. . 
Chemicals & allied products 
Paper & allied products 
Rubber products 

Stone, clay & glass 

Petroleum products 

Food & kindred products 
Textiles & apparel. 

Other manufacturing * 

ALL MANUFACTURING 
Nonmanufacturing . 

ALL INDUSTRIES 


Spent in Planned for 
1960 1961 1964 


$153. 
719 
2016 
3721. 
266. 
467 . 
785 
75 
93 
90 
319 
117. 
38. 
1130. 
9995. 
481. 
10477. 


$143 
684 
1816. 
3477. 
258 
436 
741. 
69. 
89 
86 
309 
106 
37 
1097. 
9355 
415. 
9770 


$175 
826 
2440 
3721 
333 
588 
919. 
93 
108. 
WW 
338 
144. 
46. 
1266. 
11113. 
577. 
11691. 


U—bBBODN=—W—-NUNDOOD 
“UANDAORDOWN—UNDWON 
PORRAKR—NDWEWU—NWON 


* Includes tobacco, lumber and wood products, furniture, printing and publishing, transportation 
equipment other than aircraft, and miscellaneous manufacturing industries. 
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WHAT PORTION OF SALES ARE 
NEW PRODUCTS? 


Actual Expected 
%o of To of 
1960 1964 


Industry Sales Sales 





lron & steel..... 7% 
Nonferrous metals... . . 11 
— 23 

Electrical machinery. . . 16 
Autos, trucks & parts... 11 
Transportation equip- 

ment. . 29 
Fabricated metals & 

instruments 17 13 
Chemicals... .. . ‘ 16 20 
Paper & pulp....... 9 12 
Rubber eee 7 
Stone, clay & glass 
Petroleum & coal 

products....... 
Food & beverages. . 
Textiles... . - 
Miscellaneous manufac- 

turing. . 


ALL MANUFACTURING 1 


13 


2 
9 
2 5 
6 12 
9 10 
6 
0 


11 
14 


the period may be much _ longer. 
About 34% answered 4 to 5 years; 
11%, six years or longer. A sizable por- 
tion of the payoff, too, will probably 
show in commercial as opposed to 
military products. For manufacturing 
as a whole, 57% of R & D is com- 
mercially oriented. This includes all 
research in food, paper and fabricated 
metals. In aircraft, on the other hand, 
91% is for the military. 

With so much research on tap, in- 
dustry is finding it necessary to build 
many new labs. This year, $653 mil- 
lion will go into new research facilities 
—nearly 5% of industry’s total capital 
investment. The chemicals industry 
leads with $123 million, followed by 
transportation equipment with $92 
million. 


PLANT MODERNIZATION IS SPUR 


Considerable stimulus to new-prod 
uct development, as well as sales, 
doubtless derives from the intensify- 
ing efforts of manufacturing industries 
to modernize facilities. These effects 
may be especially felt by machinery 


and other original-equipment suppliers. 


The trend toward replacing obsolete 
equipment first began showing in ear- 
nest in 1958. This year, the manufac- 
turing industry has allocated $14 bil- 
lion to new plant and equipment. Of 


15 
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this, 70% is earmarked for moderniza- 
tion, rather than expansion of facilities. 

This trend is especially dominant 
in the auto industry. There, 91% of 
the $1.14 billion set aside for capital 
investment will go for replacing out- 
dated equipment. Likewise, petroleum 
ind coal industries will divert 89% of 
their $2.85-billion capital budgets into 
modernization; iron and steel, 85% 
of their $1.18-budgets, and machinery, 
74% of its $1.14-investments. 


Moonlight Converted into 
Guide for Satellite 


Yorxkrown, NY 


vice, sensitive enough to sense weak 


A light-detecting de- 


ravs from the moon, has been de- 
veloped by IBM for N AS A’s Goddard 
Space Flight Center. It is expected to 
have applications as a detector in satel 
lite optical svstems. 

lhe tiny device, which is based on 
the principle of a semiconductor-elec- 
trolyte, uses silicon for semiconductor 
ind sulfuric acid for the electrolyte. It 
is said to be up to 10 times more 
sensitive than conventional devices, 
largely because the electrolvte is trans 
parent, permitting more light to reach 
the junction of the semiconductor ma- 
terial, where electrical voltage is in 


duced. In the usual photo diode o1 


Aluminum Wheel Outbrakes 
Its Steel Disk Counterpart 


Steel disk wheels may soon go the way of wooden spoke 
wheels. This prediction by Kaiser Aluminum and Bendix 
Corp is based on a series of tests, conducted on various 


solar cell, made up of two layers of 
semiconductor material, much of the 
light impinging on the device is ab 
sorbed by the semiconductor materials 
before reaching the junction where the 
rays are converted into electrical en- 
ergy. 

In space applications, the new de- 
vice will be used to flash electric 
signals to earth, giving missile trackers 
data for computing satellite spin axis, 
ind therefore the direction that the 
instrument package is pointing. Data 
are obtained as the rotating satellite 
intermittently catches light from the 
moon or sun. The light, impinging on 
the detector, is converted into elec- 
trical impulses for transmission. 

IBM's photoconductor is said to re- 
quire very little power—1.36 volts— 
will reportedly supply it for several 
vears. It is also rugged enough to with 
stand mechanical forces occurring dur- 
ing firing of a satellite. a 


Schools Announce This 
Summer’s Short Courses 
for Engineers 


New York—Again this vear, many 
universities are offering short courses 
for practicing engineers whose jobs re- 
quire mastery of technologies that arc 
advancing rapidly. The chart on next 
page selects a few that mav be of 


IN SECONDS 


STOPPING TIME 





(RON DRUM 
REACHES 600° F 
TEMPERATURE 


special interest to product designers. 

Many of the schools offer other 
courses. A complete listing can be 
easily obtained by writing to the ad- 
dresses shown on the chart. Among 
schools with large-scale summer pro- 
grams are MIT, the Univ of Michigan, 
Penn State Univ and Case. MIT will 
offer 26 different courses this summer 
in such specialties as metallurgy, elec- 
trical engineering, and operations te 
search. Michigan’s program includes 
27 courses—among them infrared tech- 
nology, flight mechanics of space vehi- 
cles, nuclear power reactor engineer- 
ing, and various phases of computer 
engineering and programming. At 
Penn State, the 13-course program in- 
cludes an updated version of last year’s 
icoustics and missile engineering and 
1 new program on “Survival in the 
Nuclear Age.” All courses at Case are 
oriented toward computer technology. 

Fees listed in the chart generally in- 
clude all materials required for the 
course—plus a cocktail party or ban- 
quet in a few cases. But excepting the 
management course at the Univ of 
Georgia, the student will have to pay 
for his own room and most of his 
board. In many cases, accommoda- 
tions can be arranged at the university 
for roughly $15 a week and up. Food 
depends upon the student's appetite 


ind taste. as 


= 


| 


— J 








3 4 9 


NUMBER OF STOPS 


at 70 mph. The drum temperature of aluminum leveled off 
at 500 F, steel rose to 925 F. 
stopping time for standard production wheels increased 


With rising temperature, 


from 7 to 25 sec: that of the cooler integrated aluminum 
wheel ranged from 73 to 94 sec (see chart). Kaiser adds 
that the light-metal wheels have been fatigue-tested to 
500,000 cycles without failure—well above the 8000 to 
85,000 cycles accepted for conventional wheels. With 
volume production, the wheels should add no more than $12 
to the price of a car, Kaiser predicts. 


aluminum wheel designs (photo left) in cooperation with 
various auto companies. According to Kaiser, these tests 
have demonstrated that brake linings rapidly lose effec- 
tiveness after drum temperature reaches 600 F; and 
aluminum drums are better able to remain within this 
critical temperature than steel. In operational tests, wheels 
of the two materials were braked 16 consecutive times 
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SOME SUMMER INSTRUCTION OFFERED TO 





SCHOOL AND COURSE 


DATE 


TUITION 


FOR INFORMATION 





MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Industrial Photoelasticity—di fund tals of 2-di ional & recent techniques 
for 3-dimensional problems on a beginner's level. 

Fundamentals of Strain Gage Techniques—lectures cover wire, foil and semiconductor 
types of strain gages on a beginner's level. - 

Applications of Strain Gage Techniques—supplements the fundamental course (above), 
designed to give students skill in handling equipment, 

Nondestructive Testing—lectures discuss magnetic-particle, fluid-penetrant, X-ray, 
ultrasonic and eddy-current methods of nondestructive testing. Open both to degree- 
holding beginners and experienced engineers. 

Experimental Techniques—course discusses techniques for assembling experimental 
equipment and taking measurements by optical, pneumatic, hydraulic, radioisotope and 
electrical equipment methods. For professionals who design experiments. 

UNIVERSITY OF MICHIGAN 

Machinability of Metals—lectures cover new materials and techniques for practicing 
engineers concerned with design or machining parts and products. 

Applications of Stress Analysis to Design and Metallurgy—surveys principles and 
methods of applying stress analysis to engineering design, materials specification, etc. 
Planned for engineers, designers and metallurgists. 

Semiconductor Theory and Technology—first week reviews chemical and physical 
principles underlying semiconductors, second week concentrates on semiconductor 
materials, fabrication techniques, surfaces and diffusion problems. 

Human Engineering Concepts & Theory—covers current trends in human-factors 
research and application as they apply to engineers designing man-machine systems. 

PENNSYLVANIA STATE UNIVERSITY 

Solid State Mechanics—course evaluates new methods for understanding stress-strain 
properties of materials and applications of these methods to design. Open to 
research, design and materials engineers. 

Electrical Contacts—emphasizes theory and practice of electrical contacts including 
static, sliding and commutation, with emphasis on applications. 

R & D Management Development—c skill builder in administration and human rela- 
tions for engineers, physicists, and mathematicians now serving as project engineers, 
supervisors or leaders in R & D. 

CASE INSTITUTE OF TECHNOLOGY 

Generalized Electrical Machine Theory—course introduces new method for analysis of 
rotating electrical machinery and emphasizes a general technique for determining 
dynamic-transfer functions of DC polyphase induction and synchronous machines. 

Digital Control Systems Engineering—-subject matter includes Boolean algebra, num- 
ber systems, logical elements, analog-digital conversion, etc., pertinent to engineers 
wishing to enter advanced technology in military guidance, industrial numerical process 
control, manufacturing process systems. 

NEW YORK UNIVERSITY 

Vacuum Metallurgy Conference—emphasizes new research and advanced engineering 
problems 

Titanium Metallurgy Conference—emphasizes current research and progress in titanium 
technology. 

Beryllium Conference—discusses current information and progress in beryllium metal- 
lurgy. 

UNIVERSITY OF PENNSYLVANIA 

Logic, Switching Systems and Automata—topics cover computer and information 
sciences, including general theory of automata, self-producing automata, topological 
methods in switching theory, and controlled-fiow nets. 

New Devices for Amplification & Switching—tectures cover physical theory, con- 
struction, behavior and applications of new devices used in amplifiers and switching 
circuits such as tunnel diodes, superconductivity cryotrons, etc. 

JOHNS HOPKINS UNIVERSITY 

Operations Research and Systems Engineering—covers case studies and expository 
lectures on operations research, systems engineering, information theory, linear pro- 
gramming, computer theory and programming, etc. First week slanted toward top 
executives; 2nd week toward technica! and managerial personnel. 

UNIVERSITY OF FLORIDA 

Nuclear Rocket Propulsion—covers such topics as heat transfer and fluid flow, materials 
and structural design, nucleonics of rocket reactors, concepts for advanced propulsion, 
etc. 

COLORADO STATE UNIVERSITY 

Institute in Technical and Industrial Communications—for engineers, scientists, 
administrators, editors, etc., engaged in preparation of reports, manuals, brochures 
and other technical communications. 

GEORGIA INSTITUTE OF TECHNOLOGY 

Management for Engineers—surveys management theory as it applies to engi ing 

ag t probl Slanted to the younger man just entering management 
responsibility. 

ILLINOIS INSTITUTE OF TECHNOLOGY 

Basic Oil Hydraulics—covers basic components in hydraulic circuits. Applicant must 
have highschool or equivalent. 














OHIO STATE UNIVERSITY 

Fundamentals of Welding Engineering—provides training applicable to structural, 
piping, pressure-vessel and other products showing inter-relations of welding process, 
product design, production techniques and quality control. 

CORNELL UNIVERSITY 

Seminars in Industrial Engineering—student enrolls in one of 9 special seminar groups 
including engineering administration; systems simulation using digital computers; sta- 
tistical dedsion-making; operations management of the smaller company. Aill students 
also attend general sessions. 
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June 19-23 
July 10-14 
July 17-21 


June 26-30 


June 13-23 


June 19-24 


July 24-28 


June 19-30 


June 17-30 


June 11-23 


June 11-16 


June 25-30 


july 17-21 


July 31- 
Aug 11 


June 26-27 


Sep 11-12 


Sep 7-8 


June 11-24 


June 18- 
July 1 


June 5-16 


June 12-23 


July 10-14 


July 10-14 


June 12-23 


June 13-16 


$200 
$175 
$175 


$200 


$300 


Director of Summer Session, 

Room 7-101 
Massachusetts Institute of Technology 
Cambridge 39, Mass. 


Engineering Summer Conferences, 
126B West Engineering Building, 
Univ. of Michigan, Ann Arbor 


Engineering Seminars 
Conference Center 
Pennsylvania State Univ. 
University Park, Penna 


Herbert S. Schultz Jr, 
manager of special programs, 
Case Institute of Technology 
University Circle, Cleveland 6 


Mr M. Berk, 

New York University 
College of Engineering, 
New York 53 


The Moore School of 

Electrical Engineering, 

Special Summer Sessions Office, 

Univ of Pennsylvania, Philadelphia 4 


Dean, School of Engineering, 
Johns Hopkins University, 
Baltimore 18 


Dr Robert E. Uhrig, 
Dept of Nuclear Engineering, 
Univ of Florida, Gainesville 


Director, Institute In Technical and 
Industrial Communications, 
Colorado State Univ, 

Fort Collins, Colo. 


Richard Wiegand, director, 
Engineering Extension Div. 
Ga. Institute of Tech, Atlanta 
Dennis W. Prosser, 

of Mechanics Dept. 

Ill. Inst. of Technology 
Chicago 14, lil. 


Prof Roy B. McCauley, 

190 W 19th Ave, Ohio State Univ, 
Columbus 10 

J. W. Gavett, seminars conductor, 
Upson Hall, Cornell Univ, 

Ithaca, N Y 
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Control Device Blamed 
For Mercury-Atlas Failure 


Caper CANAVERAL—The failure to hurl 
in unmanned Project Mercury space 
capsule into orbit last week was caused 
by a preset instrument that translated 
commands to the Atlas’ steering mech- 
official report states, 
“Shortly after launch, it was evident 


anism. The 


that the missile was not responding to 
roll or pitch commands. The missil 
was not following its flight path and 
the déstruct action was necessarv.” J 
R. Dempsey, manager of Convair 
Atlas, 
pointed out that this tvpe of failure 


Astronautic, builders of the 
had never been experienced in 80 pre 
vious flights. 

Space agency officials and astronauts 
on the scene could count two credit 
items: 

®Fscape device 
planned. 

© Capsule recovery and landing was 
without difficulty. 


performed as 


MALFUNCTION SHOWED IMMEDIATELY 

Although the launching appeared 
perfect, monitoring signals reported a 
control malfunction shortly after lift 
off; 40 seconds later the decision to 
destroy the Atlas was made when it had 
reached an altitude of 16,000 ft. The 
rockets atop the escape tower pulled 
the capsule to the left and away from 
the exploding booster. In one second, 
the capsule was 200 ft away; it was 
hoisted an additional 2000 ft before 
the parachute opened and landed it 
vards_ offshore, 
minutes after launch. 


ibout 350 seven 

The Atlas mission was to hurl a 
capsule into a single orbit about 100 
miles over the earth. An attempt 
would then be made to bring the 
spacecraft to earth within a preplanned 
Bermuda—after 
1 110-minute circuit. At the same 
time, NASA hoped to evaluate capa 
bility of its world-wide Mercury net 


recovery area near 


work to perform tracking, data-gathet 
ing and flight-control functions 


CREWMAN SIMULATOR ABOARD 


In addition, the capsule carried an 


“artificial astronaut’—a 50-lb gray 
box. The device was designed to us« 
up oxygen, inject carbon dioxide into 
the capsule’s atmosphere, and gen 
erally simulate the effect a man would 


have on the air. [t also included equip 


18 


ment to record and play back messages 
to tracking stations. 

The failure would not delay the 
launching of America’s first space man 
early this month, said Robert Gil 
ruth, director of Project Mercury. Nor, 
he said, will it prevent the US from 
placing a man in orbit before the 


vear’s end. 


SUBORBITAL FLIGHT TO USE REDSTONE 

This month’s firing is intended to 
launch an astronaut on a suborbital 
flight, some 115 miles high and 300 
miles downrange, for an elapsed time 
of about 16 minutes. A Redstone 
booster, rather than Atlas, is planned 
to carry the Mercury spacecraft on 
this mission. * 


Appearance Is Secondary, 
Designer Tells Paris Seminar 


Paris——-To tap the potential of the 
Common Market, management must 
integrate industrial design into its over- 
all manufacturing-marketing _ plans. 
And this means industrial designers 
must make external appearance sec- 
ondary to other considerations, Paul 
Provost, president of the Belgian In- 
dustrial Design Institute, told a semi- 
nar here. 

He urged anyone hoping to sell a 
product in the Common Market to 
take a hard look at the European con- 
sumer. The vast market of the “Six” 
is rich, he pointed out; and the con- 


sumer can usually choose from a group 
of competing products. Often his 
choice is based on sentiment rathet 
than price. The successful product 
ippeals to his European “intuition.” 


KNOW WHAT MACHINES ARE AVAILABLE 

Thus, a designer readying a product 
for the Common Market, must “con 
sult” the consumer through market 
studies to understand his preferences, 
Provost warned. But he emphasized 
that the designer must not base his 
design solely on such ‘consultation.’ 
Consumers’ attitudes evolve rapidly 
ind it takes at least a vear to get a 
product on the market after design 1s 
firm. The designer must then use his 
own intuition to anticipate consumer 
preference and not be blinded by the 
earlier studies 

Probably the soundest start for de 
sign, Provost told the seminar, is a 
study of production machines available 
to make the product. Coupled with an 
understanding of the consumer and 
awareness of the manufacturer’s manu 
facturing plans, this study should 
point to the one design that suits the 
product context—manufacturer’s pro 
duction capabilities, marketing plans 
ind anticipated preferences of con 
sumers. This approach relegates ex 
ternal appearance to secondary im- 
portance; it frees the designer from a 
preoccupation that often obscures the 
bases of a good design. 


—Art Erikson, Regional Editor 


Dyna-Soar Shows Its White-hot Nose 


Ceramic cap that will protect the Air Force, Dyna-Soar man-carrying space 
vehicle gets its first public showing. The cap (hemispherical forward portion) 
is here receiving a 3000 to 4000-F blast at Chance-Vought’s ramjet test 
facility. On a space mission, it will take the brunt of reentry heat resulting 
from 15,000-mph speeds. Dyna-Soar vehicle will be boosted into orbit by rockets, 


then return on wings. 
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a LINE of 500 psi quality steel swivel joints 





APPLY THIS ECONOMICAL 


LHIMSA ewe i ONT . 


TO A WIDE RANGE OF LINE 
FLEXIBILITY NEEDS 


Equally effective on lines handling water, hot liquids, fuels or gas, the 
new Chiksan LFS series joint has many features to commend its use. 
Sweep radius minimizes flow turbulence. Bearings are factory lubri- 
cated—usually sufficient, in normal service, for the life of the joint. 
In-stream packing is not affected by line surge or vacuum conditions. 
Fabricated from carbon steel, LFS series swivel joints have a tempera- 
ture rating of 225°F and up to 400°F with Viton A packing. Available 
in sizes of 114” to 4” in eight basic configurations. For more facts on 


this economical Chiksan LFS series joint, please request Bulletin 11-60. 


CHIKSAN 


. 


#61-58 


CHIKSAN COMPANY—General Offices: Brea, California + Well Equipment Mfg. Corp. Division (Weco Unions, Homer Valves) * Chikson International * Chikson of Canada Ltd 
Offices and Representatives in Principal Cities of the World 
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This month marks the 125th 
anniversary of the US Patent 
Office. Since its inception, more 
than 3 million patents have 

been granted—but there have 
been complaints. Here an engi- 
neer suggests some improvements 
that bear consideration. 


Samuel R. Frankel is president of his own company, 
Frankel Engineering Laboratories Inc, vice-president 
of Electronic Connectors Inc., and treasurer of C N 
Craley Co—quite a chore for a man still in his 
thirties. Himself a holder of patents, Frankel has had 


experience in dealing with the system. 





PATENT PROBLEMS 


A combined reprint of 19 articles covering 
the patent laws both here and abroad and 
how they operate for inventors and cor- 
porations. Send $1.50, for each copy, to 
Reader Service Dept, Product Engineer- 
ing, 330 W 42nd St, New York 36. 











THE QUESTION: 


How Can Our 


Recent months have produced much criticism of Amer- 
ica’s present patent system, both in technical periodicals 
and in government hearings. There have been complaints 
about the fairness of its operation and how much progress 
in science and the useful arts it has fostered. The basis 
of our patent law—Art I, Sec 8 of the United States Con- 
stitution—treats these two as cause and effect, or means 
and goal, saying its purpose is “to promote the progress 
of science and useful arts, by securing for limited times 
to authors and inventors the exclusive right to their 
1espective writings and discoveries.” 

Che progress of science in our country today is not 
what it ought to be, at least in part, because the patent 
system no longer functions equitably. There is no longer 
secured to inventors the exclusive right to their inventions, 
even for limited times. The patent equity I propos« 
concerns equity not only in the sense of fairness but also 
in the sense of a property mght, and would require an 
extension of the patent law to secure that right. 

Ihe individual inventor, in the majority of cases, no 
longer reaps the benefit of his creativity. ‘The rise of 
the corporate structure and complexity of technology has 
brought this about. In nearly every corporation, a scien- 
tist or engineer accepting employment must sign a patent 
agreement assigning to the employer-corporation all rights 
in any invention which might prove patentable made by 
him at least during the tenure of his employment. In 
iddition, inventions made by those not required to sign 
such an agreement may be subject to a “shop right.” 

Several reasons have been cited to support the fairness 
of this arrangement. Large corporations supply the exten 
sive facilities needed to advance our sophisticated tech 
nology; these are very costly and therefore, it is argued, 
the corporation is entitled to ownership rights in patents 
resulting from use of these facilities. ‘This same argument 
may be used to show how little freedom of conduct the 
individual has when signing the required patent agree- 
ment. Creative people must seek employment in cor- 
porations where they can secure access to the tools of 
their creativity. They do not, then, sign away their rights 
in their inventions from truly free choice, but rather 
because there is no actual alternative. What is needed 
is a system that makes sure a firm wil! receive a return 
on its investment, both in facilities and personnel training, 
before being required to compensate an inventor for a 
particular invention. 

Employer's point of view 

Employers argue that perhaps one patent in twenty is 

a commercial success; and that, therefore, they cannot 


afford to reward all inventors. The answer te this is 
a royalty which is proportionate always to the success of 
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Patent System Be Improved? 


the invention. It should not burden the employer; he 
should pay only when he is reaping a direct benefit 

It has also been said that inventions these days stem 
from company know-how and group effort, and that, there- 
fore, an invention coming out of a lab or research group 
is the product of the organization and belongs to the 
organization rather than to any individual. This reason is 
among those advanced as justification for abolishing the 
patent system entirely. I do not agree with either the 
reasoning or the solution. The seed of an idea comes 
from an individual, and the additional ideas necessary 
to make it work come from individuals. Although several 
mav contribute to an invention, the result is the sum of 
their individual contributions and not a homogeneous 
“group contribution.” With some diligence the truly 
contributive individuals can be recognized and the rights 
ought to go to them, whether as inventors or as co 
Inventors. 
lack of inventors. We must only make sure that the 
true inventors reap the reward intended by the patent 
system. There is a need for legislative implementation 
of the Constitution’s intent to reward inventors 


We need not abolish the patent svstem fot 


The new plan 


To achieve this end without causing a hardship to 
employers, I have devised the following “5-patent Rule.” 
If enacted, it would set up a system of rewards payable 
as a royalty of some percent to be decided upon by the 
legislature, to be given by employers to qualified inventors 
for centain inventions. In order to qualify, an inventor 
must have already been inventor or co-inventor of five 
issued patents. This qualification immediately reduces 
the inventors covered to about 5% of all individual inven- 
tors, and ensures that rewards would go only to those of 
proved creativity. Further, it would ensure that the firm 
paying the royalty had already benefited either from this 
inventor's previous inventions or from his past experience. 
In addition, because today’s recent graduates among scien 
tists and engineers receive large salaries, but their more 
experienced counterparts do not receive commensurately 
higher salaries, this rule would tend to rectify the inequity 
of compensation that now exists. 


Royalties to benefit employer and employee 


Once having qualified by obtaining five patents, an 
inventor would not receive any royalty from his employer 
under this plan until he contributes an invention which 
forms the basis for a branch of business in which the 
employer was not formerly engaged. For example, suppose 
a 5-patent inventor, while working on the design of an 
improvement on one of his company’s paper machines, 
devises a new and patentable vibration transducer to assist 
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him lhat vibration transducer ought to belong to the 
paper-machinery company only if it produced it and pays 
the inventor a royalty on it. If it does not choose to 
produce it, the invention ought to belong exclusively to 
the inventor, with the right then to sell or license it to 
anvone he chooses. 

It seems to me that inventors of proved creativity have 
often put their employers in a new and lucrative business 
without being commensurately remunerated. It is true 
that an employee owes all allegiance to his emplover, and 
if hired for his creative ability will presumably be paid 
accordingly and expected to contribute to the advancement 
of all products, machines, processes, etc., associated with 
the emplover’s business or on which research has been 
started for that business. However, this allegiance should 
not have to extend to all products from an inventive mind, 
nor should an emplover be the exclusive gainer from an 
extraneous invention of an employee. The shop nght or 
patent assignment 1s necessary for improvements on the 
employer's existing products, methods or machinery. It 

+ 


is an undeserved windfall for products divorced from its 


industry. 


Effects of this new patent plan 

This new system should have several salutary effect 
which bear consideration: 

e It would stimulate creative efforts by inventive minds 
ind thereby add to the national security and welfare 

e It would decrease suppression of meritorious inven- 
tions, the inventor having the right to exploit those 
inventions not exploited by his employer 

e It would reduce the load of unmeritorious applica 
tions going through the Patent Office; firms would be 
unwilling to qualify men for a possible royalty situation 
unless they deserved to be 

e It would reduce patent skulduggery, whereby names 
of real inventors are left out or names of noninventors 
are inserted in patent applications for some extrinsic 
reason. Inventors would have more reason to be jealous 
of their rights in all patents. 

elt would minimize job-hopping for salary increases, 
thereby stabilizing the work force and speeding the com 
pletion of important projects. 

Although this proposal would affect only a small per 
centage of scientific personnel, it would create a goal 
toward which all could strive: raising the national level, 
in quality and quantity, of creative output. The proposal 
may be a departure from actual practice, but it is in con- 
cert with the original Constitutional intent that inventors 
be rewarded with more than a humiliating dollar bill 
and a pat on the back. 





New Allis-Chalmers spinner plow 
actuated by Houdaille’s HydRoAc 


Houdaille’s versatile new HydRoAc Rotary Actuators found immediate appli- 
cation on this Two-way Moldboard Plow built by Allis-Chalmers. Mounted on 
the end of the rotatable plow shaft, the HydRoAc unit provides a compact, 
efficient method of “spinning” the plow bottoms at the end of each furrow. 


You'll find there’s a HydRoAc unit to fit almost every commercial application 
where hydraulic power must be converted to rotary motion. Five different 
sizes, from the Tiny 16 lb. unit to the 1,100 lb. unit, with 20 variations in each 
size, add up to 100 separate units to choose from. Efficiencies are high...up 
to 95% or over. Torque range from 1500 to 741,000 in. lbs. at 3000 p.s.i. Dis- 
cover now why Allis-Chalmers selected Houdaille’s HydRoAc. Send in coupon 
below for free catalog 


SEND THIS COUPON FOR COMPLETE INFORMATION ON HOUDAILLE'’S HYDROAC 


{ddress 


7 . 
ns oudaille . specialists in rotary type 
ndustries, Inc. hydraulic equipment 


| City Zone Slate | 
I L 


Buffalo Hydraulics Division, Dept. C, 537 E. Delavan Avenue, Buffalo 11, N. Y. 
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Old-Fashioned Reliability 


To the Editor: 

Your editorial (“3-D Testing Mar. 20 
p 55) is thought-provoking. You quot 
an “R & D” director as saying “‘we need 
a new language and a new approach.” It 
is doubtful that we need a new language. 
It is the habit of workers in a “changed” 
field to invent a “jargon” understood only 
by themselves, for reasons explicable per- 
haps by intellectual snobbishness. 

I suspect that we are all suffering from 
1 too rigid application of Aristotelean logi 
Single-valued logic and the theorem of 
the excluded middle simply will not do 
the job. Yet most of our computers and 
testing methods are based upon those ver 
things. ‘To every question submitted to 
a computer, the computer renders, basic 
ally, a yes or no answer. It can’t give such 
answers as gray, it must say black or 
vhite. It can’t say “perhaps.’ 

Now this is not to deny the computer 
It does a marvelous job on problems invoh 
ing single-valued logic and the theorem 
of the excluded middle. For modern prob 
lems, we need to develop the art of “net 
work” thinking. Network thinking may be 
described as the ability to consider the 
effect of a whole flock of variables. some 

which are increasing, some are decreas 

g some are cycling others are stra\ 


Perhaps a little more intuition is needed 


Sometimes in the effort to make things 
longer lived, or more reliable, we defeat 
the very purpose we have in nind. Adding 
1 lubrication svstem to a bearing may, in 
many cases, make the bearing plus svstem 
less reliable than an unlubricated bearing 
I don’t know whether vou grew up with 
the Model T Ford. It was a horrible thing, 
mut it ran. I shudder to think of what 
vould happen to a late-model cat if it were 
submitted to the abuse that Model T took 
Uhe stuff we fed them for gasoline varied 
from light fuel oil to casing-head gas that 
would evaporate from the fuel tank on a 
hot day. I have, in an emergency, lined a 
connecting-rod bearing with leather. I have 
even filtered bacon grease and used it in 
the crankcase in an emergency. Through 
all this the old Model T would run. It 
was reliable. It did not run very well, it 
lid not have flashy performance, but it ran 

From the standpoint of reliability it 
vould appear that we are now getting 
some hard-headed skeptics into testing. 
When we buy an appliance, an automatic 
pencil, or an automobile or a drink mixer, 
if it works, and continues to work, eco 
nomically and without too much trouble, 
we don’t care who designed it. Nor does it 
matter whether the stuff was made of 
platinum or gold, or cow chips, so long 
as it works. 

There is still a lot to be said for the 
old-fashioned virtues of reliability, integ- 
rity and quality. We are with you on these 

—W H SayLer 
Specialty Sales Co 
Salt Lake City, Utah 


e My first Model T cost me $15 second- 


hand and was re-sold three months later 
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for the same amount. My second w 

onverted to a “racer” by inverting the 
spring shackles and applying a Sears Roe- 
buck body with detachable fenders. It 
would hold four, properly stacked, in a 
clinch—and did. And, like an old slow 
speed diesel, it ran on many things, in 
cluding high-test gas drained from tank 
cars and filtered through tracing cloth 
Lube oil from the same source was filtered 
through gunny sacking. And the car could 
be parked by running the nose in to the 
curb, then lifting the torpedo tail over 
hat tail was better than any bumper in 
keeping following cars at a respectable (and 
respectful) distance. It worked fine, tox 

until a youngster borrowed it one night 


ind tried to go between a tt Ky 


Correction 

In the April 3 Desig: ile eck 
for Planetary Gear Sets,” | , the planet 
gears in the example for Test 3, Case 1, 
can be spaced at even 120 deg intervals 
Ihe rule is: If Ne + N, is evenly divisiblk 
by the number of planets, the planets can 
be evenly spaced around the sun geat 

lhere is an easier way to work Case II 
Place the first planet at an angle 36 
a/ (N, + N,-)], where a is a whole num 
ber that makes spacing most nearly ideal; 
In the example, a 49. Test 4 should 
read: ““They will if the major diameters 
adhere to this limitation 2M, + m 
is less than <m, by a safetv clearan 


+ 


l 52. In. MOTE han MaXwnuM tolerances 


COMING EVENTS 
MAY 


9-11 .... Western Jot Comput 
Conference, Ambassador Hotel, Los An 
Feies 

9-11 .... Institute of Radio Engineer 
1961 Electronic Components Conferen 
Jack ‘Tar Hotel, San Francis 


10-12... . Society for Ixperimenta 
Stress Analysis, Spring Mecting, Benjamin 


Franklin Hotel, Philadelphia 


14-17... . Nationa 
ciation, 196] 


brier, White Sulphur Spring 


22-25 .... Ame 
chanical Ingineers 
Conference & She 


22-26 .... American S 
& Manufacturing Engineers, 196] 
ention, Statler Hilton Hotel, NYC 


JUNE 


G7... Ame >< Manufacturer 
Assn, Annual Mee r ‘The Homestead 
Hot Springs, Va 


For a listing of addresses of societies and 
associations send 25¢ to Product Engi 
neering Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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COMPLETE RELIABILITY 


is the PLUS VALUE, 
with this Emblem 


Where threaded-type connectors can be eliminated 
. . . Anchor’s field proven Industrial Hydraulic 
Flanged Tube, Pipe and Hose Connections, Four 
Bolt Split-Flange Type make excellent units for 
connecting (1) hose assemblies to valve or pump 
parts; (2) hose to manifold; (3) pipe to pipe; 
(4) pipe to hose; and (5) hose to hose . . . in high, 
medium and low pressure systems. There are no 
threads to wear or tapered seats to groove with 
these Anchor fittings. 

Universally accepted by original equipment 
manufacturers for their complete reliability under 
all operating conditions . . . these Anchor fittings 
are leak and blow-off proof . . . trouble-free . . . easier 
to connect or disconnect, especially in tight spaces. 

The distinctive Anchor design of Four Bolt 
Split-Flange Type, Industrial Hydraulic Flanged 
Tube, Pipe and Hose Connectors eliminates costly 
pipe threading operations, separate unions and 
swivel connections, enabling users to disconnect 
and reconnect hose lines many times without dam- 
age or leaks. 

Available in flange sizes ranging from 14” to 5”. 

Write today for Anchor Catalog No. 403 which 
gives complete specifications. 


WV (@10-(@): Melita ae 


323 North Fourth St., Libertyville, tll. 
Branch Plants: Dallas, Tex., Plymouth, Mich 


” 


Andy Anchor says: 

“Anchor field engi- 
neers, near you, can 
readily show you 
how you save time 
and money with 
Anchor Four Bolt 
Split-Flange Type 
Industrial Hydraulic 
Flanged Tube, Pipe 


and Hose Connec- 
’ 


tions 


) 
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on the spot 
for spot 
heating 


Vulean Cartridge Heaters are right 
on the spot... for spot heating... 
with a complete quality controlled 
line which includes standard; high 
watt density; and ceramic elements. 


iI 


VULCAN STANDARD 
CARTRIDGE HEATERS 


Vulcan Cartridge Heaters are avail- 
able in a wide choice of lengths, di- 
ameters, sheath materials, wattage 
and voltage ratings. 


VULCAN “THUNDERBOLT” 
The ‘‘Thunderbolt’’ delivers as 
much heat as a conventional car- 
tridge 5 times its size. You get rat- 
ings as high as 200 watts (or even 
higher) per square inch of radiating 
surface. 


4 
VULCAN CERAMIC HEATERS 


These are ideal for volume produc- 
tion in spot applications which re- 
quire a cartridge type unit where 
high watt density and ruggedness 
are not prime requisites. 

Write for Bulletin VG -300A. 


\ > 





= 








VULCAN ELECTRIC COMPANY, Danvers, Mass. Vi 
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Make-your-own fuel cell 


Instructions for building a demonstration fuel cell and a transistor radio to 
go with it are contained in an 8-page educational booklet prepared by Esso 
Research & Engineering. 

Using materials readily available from scientific and radio supply houses, 
a cell like the one shown here can be built for about $10; the radio for about 
$8—and the booklet tells exactly where to get supplies, gives diagrams and parts 
lists. 

The fuel cell electrodes are catalyst-coated nickel screen—a platinum coating 
for the fuel electrode and silver coating for the oxygen electrode. The fuel is 
methyl alcohol; the electrolyte, potassium hydroxide. 

[he radio receiver, assembled from standard parts, includes 2 transistors, 
a diode tuning capacitor and antenna coil. 

Copies of the booklet are free from Esso R & E, PO Box 45, Linden, NJ. 





QRLOLYLY 














Oxygen 
cathode 











IN FUEL CELL, oxygen is fed to cathode where it reacts with water in the 
electrolyte, producing negatively-charged hydroxyl (OH-) ions and resulting 
in an electron deficiency or demand at the cathode. At the anode, the fuel 
(methyl alcohol) reacts with the hydroxyl ions, producing formic acid (HCOOH) 
and free electrons. These flow through the external circuit to the cathode 


Electrostatic “push” to beat gravity? 


Can gravity be overcome by developing electrical charges of like sign on a 
space ship and the ground so they will repel each other? 

It wouldn’t work on earth—but it might work on the moon and other 
celestial bodies where no atmosphere is present, says John C. Cook of South- 
west Research Institute. 

In developing such electrical charges, he says, a large amount of electrical 
energy must be forced into the “capacitance” of the system. But, during an 
ascent through a gravitational system, a portion of this stored electrical energy 
would be transformed into gravitational potential energy. In the subsequent 
descent, this same energy could be returned to the electric field without loss. 
Furthermore, it could be transformed back and forth again and again, in 
innumerable round trips through the gravitational systems of all the planets 
visited. The spaceship would operate something like a balloon, rising or 
descending at the will of the passengers by means of small adjustments of its 
electric charge. 

He admits, of course, that in practical application such accessory considera- 
tions as incidental electrical losses may prove serious. Nevertheless, he says, 
“electrostatic lift remains interesting as a possible means of efficient liaison 
with small airless bodies, and as a presently feasible technique incorporating the 
main properties of an ideal space propulsion system. Fully reversible, it 
requires almost no dissipation of either energy or mass in traversing the strong 
gravitational field of a planet.” —ARG 
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The Rut of Complacency 


College enrollments are beginning to zoom; science the more branches of knowledge theoretically repre 
enrollments are too. But not engineering. The sented, the greater the specialization. 
relatively small percentage of engineering enroll- But nowhere is there any specialization in engi- 
ments is still slipping, and the mortality still stands neering, nowhere is there any inclination toward, or 
at around half. In the Soviet Union, engineers form interest in, engineering as a career. The student who 
almost half the enrollments and the losses are only turns in the direction of engineering does so because 
9% from day-classes, 20% from evening ones. of family or personal interest. 
Why? Except in 785 schools. In these, there are 
Because, in the rising countries, engineering is chapters of JETS—the Junior Engineering Technical 
recognized as a preferred and necessary career, by Society. They are essentially engineering clubs, 
government, schools and people. Students are en- somewhat like the more-familiar Science Clubs, but 
couraged to try for engineering first. ‘There is fiercc undertaking engineering projects with the help of a 
competition for every enginecring-college opening, teacher and local professional engineers. Some 
fiercer competition to stay in it. Even the professors 24,000 high-school boys are members this year, in 
are required to take competitive examinations every 48 of the 50 states. There’d be many more, but 
five years; there is no tenure. Added education is the organization’s growth is limited by available 
recognized by increased income and prestige; accom- funds. Teachers find it helpful in_ interesting 
lishment is recognized by bonus and kudo. students in current events and helping them to 
Our problem begins, not in the colleges, but in understand our increasingly technological world. 
the secondary schools, many of which welter in They find the instructional information provided in 
inertia. As one alert parent told his high-school fortnightly ‘‘academic units” is also helpful in up- 
principal, ““You’re in a complacent rut. Your teachers dating their curricula—at least so 65% of them say. 
are professional babysitters, not expected to stretch Effects? Some 90% of JETS members go on to 
anyone’s mind, just to provide him with certain college, 67% as engineering students. Both per- 
manual and social skills. Thinking is frowned centages are far above national averages. And a far 
upon.” greater percentage complete their courses for degrees. 
He was stared down, of course. And perhaps he At the local level, chapters are sponsored by nearby 
was exaggerating. But how many children do learn plants, by chapters of interested national societies 
to think? How many are encouraged to reach out? (notably NSPE and ASTME), and by state univer- 
How many teachers have been slapped down as sities who also provide advisors. The entire program 
radicals or pinks by boards or parents because they has been financed principally by donations from 
encouraged students to reach out? industry. For details, see the story in the 
There are in this country about 22,000 high Saturday Evening Post for March 4, 1961, or write 
schools, down by rural consolidations from a peak of to Richard Fallon, executive director, Box 589, East 
30,000. The larger the school, the larger its faculty, Lansing, Mich. 





simpler acceleration analysis of 


LOW -COMPLEXITY MECHANISMS 


When driven in a certain way, they lose their complexity 


and become suitable for the analysis method given here. Author also supplies 


two sample problems that illustrate the step-by-step analysis procedure. 


J HIRSCHHORN, associate professor of mechanical engineering 


University of New South Wales, Sydney, Australia 


KK inematically, mechanisms can be classed as simple, ot 
complex. The analysis procedure given here, an offshoot 
of the relative-acceleration method, applies to mechanisms 
of “low complexity”—their complexity depends on which 
link does the driving. Here is how the two categories 
compare: 

A mechanism is considered kinematically simple if its 
acceleration analysis can be performed by a step-by-step 
application and graphic solution of the motion-transfer 
vector equation 

pag = ap + ag 

or nda + gq = (nap + ap) + (ndep + ep) 

or combined, if necessary, with the acceleration-image pro- 
cedure. Note the important fact that the equation can 
only be solved if the path curvatures of P and QO are 
determinable by inspection. Also note that the normal 
acceleration component of any point on a constrained link 
is a function of its speed and the geometry of the con- 
straints—it is independent of the link’s angular accelera 








AL? 
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1 Low-complexity mechanism 
with ternary links 


tion; this is shown by the following relationship 
nip vp Pp 


and its direction is toward the center of curvature of the 
path. 


A mechanism is considered kinematically complex if 
the path curvatures of essential motion-transfer points can- 
not be determined by inspection. A characteristic feature 
of such mechanisms is a multi-paired floating link, an ele- 
ment which forms kinematic pairs with not less than three 
other moving links, but not with the frame. The degree 
of complexity may be “low” or “high”: 

A low-complexity mechanism is one which is kinemati 
cally complex when driven by one link, but simple when 
driven by another. By contrast, a high-complexity mech- 
anism remains complex no matter which link is used for the 
motion input. 


Fig 1 illustrates diagrammatically a mechanism of the 
low-degree-of-complexity kind: only two of the attached 
links, namely 4 and 6, are required for a complete con 
straint of the ternary (triple-paired) link 5. And when 
driven by link 2, the mechanism is kinematically complex 
because the path curvature of B is not known and conse- 
quently the vector equation 


nip > «AB (n4a Tt + (n@dpa + OBA (1 
cannot be solved, 

However, when driven by either link 4 or 6, the mech- 
anism is kinematically simple. For instance, with 6 as 
alternative input link, the acceleration analysis would pro 
ceed as follows: 

Step 1: Construct ac, basing the construction on: 


adc + ac = (ndp + ap) + (n@cpv + Aco) (2) 


Step 2: Construct a, by means of the acceleration image 
of link 5 


Step 3: Construct a,, using 


1 ap + (ndaB + 2p) (3) 


The acceleration of B, determined in Step 2, can be 


resolved graphically into its components ,a, and ;as, the 
former normal, and the latter parallel to the velocity 
vector vz. From what was said before about the nature of 
the normal accelerations it is clear that, as long as the 
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QA : 42 in 


9 8 = 65 in 


A&B=2in 
AC =13$in 
BC = Zin 

CO: 143 in 





Acceleration image of link 3 
(C)(40:8-c’ similar to 4 A-8-0~ 





(E) 


2 (A) Configuration diagram 
(B) Velocity diagram 
(C) Auxiliary acceleration diagram 
(D) Determination of normal acceleration component 


(E) Actual acceleration diagram 
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Velocity imoge of link 3 
(4 0-b-¢ similar 
to A A-B-C) 


auxiliary acceleration diagram is based on 

velocities, the construction vields the tru 

required for the solution of original Eq (1 

structing the auxiliary acceleration diagram it is immate 
rial what angular acceleration is assigned to the alternative 
input link. Generally this is taken as zero. Once pap 1s 
known, the actual acceleration diagram can be constructed, 
starting with the prescribed acceleration of the true input 
link. 


The application of this approach to practical problems 
is demonstrated in the following examples 


EXAMPLE 1 


The slider, link 6, of the Atkinson engine mechanism, 
Fig 2 (A), has an instantaneous velocity of 45 in./sec, and 
an acceleration of 400 in./sec’ in the direction shown. De 


tErMINe we, ws, a aNd ag. 


Solution: 


With the slider driving, the mechanism is complex be 
cause pe is not known and ,a- cannot be computed. How 
ever, if link 2 is considered as an alternative input link, 
the mechanism is simple, and ,a¢ can be determined as 
follows: 

The velocity diagram, Fig 2 (B), is constructed starting 
with v,, represented by the vector o — a (normal to O,A 
of arbitrary length, here 3 in. The velocity of B follows 
from Vs = Va + Vaa- (Vo o — b, normal to O,B; vs, = 
a — b, normal to AB). v, 0 — c, is determined by the 
image method, by making triangle abc similar to triangle 
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A b-s-¢= velocity 
‘mage of 4 
Ab-s-c¢ similar 
to B-S-C 
(s divides b-c in 
the same ratio as 
S divides B-C) 





Aon Zand 3 
Son 


0,-A=4in 
8-C = 249in 


a's ‘s-¢ 
acceleration 
image of 4 

Ab‘s-¢' similor 

to B-S-C 


ABC. This construction applies because A, B and C arc 
points on the same link. Finally, the velocity of D is 
mstructed using the relationship vp = Ve + Voc. (Vo - 
o — d, horizontal; vp, c — d, normal to CD). The 
scale of the diagram is determined by the fact that o — d, 


here 1.96 in., represents 45 in./sec. Hence, 


v4 = 68.9 In./sec 
vp = 35.4 in. 
vega = 72.6 in. 
Upc 28.0 in. /sec 
VAC 80.0 in. / 


Consequently 


w: = v4/O.A = 68.9/4.75 = 14.5 rad/sec, counterclockwise fF ) ; ee 


eee eee eee ee 

ws; = vgs/AB = 72.6/12 = 6.05 rad/sec, counterclockwise 

Now the auxiliary acceleration diagram, Fig 2 (C), 3 (A) Configuration diagram 
can be constructed, assuming a, O. It is started with (B) Velocity diagram 
the acceleration of A represented by the vector 0’ — 2’, 
drawn to some suitable scale. (na, = v*,/O.A, directed (C) Auxiliary acceleration diagram 
from A to Os a. = (OA ; ay’ = O. The acceleration (D) Determination of normal 
of B is constructed with the aid of the relation acceleration component 


n@p + @°— = a4 + (ndBa + 0°Ra) (E) Actual acceleration diagram 
(a v’,/O,B, directed from B to O,; ,a, normal to O,B; 
ndp4 = V'sa/AB, directed from B to A; ,as4 normal to AB). 
The acceleration of C, ac’ o’ — ¢ is constructed by 
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SYMBOLS 


ap — Absolute acceleration of point p 
nap a component of ap (perpendicular to 
Up 

(ap — Tangential component of ap (in line with vp) 

@ep — Acceleration of point Q relative to point P 

s@egp — Normal component of agp (directed from 
Q to P) 

agp — Tangential component of agp (perpendicular 
to pg) 

Up — Absolute velocity of point P 

veep — Velocity of point Q relative to point P (per- 
pendicular to PQ) 

Pp — Path-radius of curvature of P 

&s — Absolute angular acceleration of link s 

i — Absolute angular velocity of link s 

a° — Auxiliary accelerations based on zero alterna- 
tive input acceleration (see Fig 2, 3). 











the image method, by making triangle a’b’c’ similar to 
triangle ABC. This makes it possible to determine the 
magnitude and direction of ,a-, as shown in Fig 2 (D) 
for clarity. 

Since ap is given and na, is now known, the true accelera 
tion diagram, Fig 2 (E), can be constructed, using the 
relationships 


ntc + ic = ap + (ncn + cp) 
and 
ada + a = Ac + (ndac + ac) 
This acceleration diagram yields 
a4 = 390 in./sec? 
aac = 131 in./sec? 
Consequently the true angular accelerations are 


ag = €4/0.A = 390/4.75 = 82 rad/sec?, counterclockwise 
a3 = Qac/CA = 131/13.25 = 9.9 rad/sec?, counterclockwise 


If desired, the acceleration diagram can be completed 
as shown in broken lines. A good check on the accuracy 
of the working arises from the fact that b’, determined by 
the image method, should lie on the line drawn through 
the end-point of ,a,, normal to O,B. 


EXAMPLE 2 


The crank, link 2, of the modified shaper mechanism, 
Fig 3 (A), revolves at a constant angular velocity of w 
5 rad/sec, counterclockwise. Determine v, and ap. 


Solution: 


With link 2 driving, the mechanism is complex be- 
cause the path curvature of the point S on link 4 is un- 
known. However, if link 5 (point B) is used for the alterna- 
tive motion input, the mechanism becomes kinematically 
simple. 

Fig 3 (B) is the velocity diagram for the mechanism. 
Its construction is started with v,, represented by the 
horizontal vector o — b, of an arbitrarily assumed length, 
here 4 in. The velocity of C follows from v, 
(Ve = 0 —>¢, normal to O.C; vez = b > c, normal to BC). 
Next, vs = 0 — 5s, is determined by the image method, by 
making the line segment bsc similar to BSC. Finally, the 
velocity of A is constructed using the relation vs = vs + 


Ve + Ver, 
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Vag. V4 = O — a, normal to O.A; v, 
the direction of sliding BC. The scale of the diagram fol 
lows from the fact that o — a, here 2.86 in., represents the 
known velocity v4 O.A) 20 in./s¢ Che diagram 


s — a, parallel to 


yields: 

6.1 in./sec 

27.9 in. /sec 

11.1 in./sec 

18.0 in./s 

1.6 rad/sec, counterclockwise 

vp = 27.9 in./sec, directed to the left 
Fig 3 (C) is the auxiliary acceleration diagram, drawn 

to a suitable scale and based on the arbitrarily assumed 
acceleration ag = O. The acceleration of C is constructed 
using the relation 


nac + a"; a°p + cr 

(na@¢ = V*-/O.C, directed from C to O,; ;a¢ normal to O,C; 
a°s = O: ac: v'-2/BC, directed from C to B; ;ac, nor 
mal to BC The acceleration of S, as’ 0’ > s’, is con 
structed by the image method, by making the line seg 
ment b’s’c’ similar to BSC. Fig 3 (D hows the con 
struction of the required component ,a 

The final step in the analvsis consists of the construction 
of the actual acceleration diagram, Fig 3 (I using first 
the relation 


n@2s “Tt as aa 


which vields as. [In this case a, nda, DECaUSE w. is CON 
stant (,a4 = 0). Also, because the motion-transfer point 
A on link 3 moves relative to the coincident motion-trans 
fer point S on link 4 in ; 


is equal to the Coriolis acceleration of the two points. 


rectilinear path, the vector pas. 


Its magnitude is 2 (@,) Vsa, and its direction is obtained 
by turning vs, through 90° in the sense of a, 

Ihe acceleration diagram is completed by using the 
relation 


ap s + ps + prs) 


The diagram vields a 2.4 in./sec’, directed to the left 


EDITOR’S NOTE: For additional information on design of 
four-bar linkage mechanisms se¢ 

When Linkages Need Harmonic Analysis, Mar 6 ’61, p 
47—Gives tabular solution to complex Fourier-series equa 
tions and thus simplifies harmonic analysis for efficient 
design of crank-and-rocker mechanisms 

Special Chart Leads You to Four-bar Linkage Propor- 
tions, Sep 19 '60, p 76—With two points given, this handy 
chart quickly locates the other two. You find the propor 
tions of all four bars without cumbersome mathematics or 
graphical methods. 

5 Graphical Methods for Designing Four-bar Linkages, 
Apr 4 ’60, p 37—Gives roundup of methods used to syn 
thesize four-bar linkages, including the point position re 
duction method developed by Kurt Hain 

Robert’s Law Helps You Find Alternative Four-bar 
Linkages, Oct 27 58, p 54—Method of similar triangles is 
expanded by author's method of laying off the link lengths 
along a straight line 

Linkage Design Techniques, Dec ‘54, p 133 
parison of 4 methods—two approximate and two exact 
for construction and design of four-bar linkages 

Linkage Layouts by Mathematical Analysis, Aug '55, p 
165—Shows how to obtain a specified relationship between 
input and output for a differential by determining number 
and types of links needed. 


Gives com 


—Frederick Marich 
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Engines 
Tailored for 
Design Needs 


Wide range of options permits users to 
order engine which fills design require- 
ments. Double-duty parts simplify produc- 


tion, reduce stock of replacement parts. 


POWER PACKAGES must occupy the minimum volume 
to be suitable for as many different types of machines and 
vehicles as possible. Achieving such compactness without 
sacrificing service accessibility generally requires the 
engine to be “self-covering.” Yet without an exterior hous- 
ing, gasoline engines can easily look like a _ hit-or-miss 
assortment of subassemblies, mechanical parts, nuts and 
bolts. This has been avoided in the OMC line of 9- and 
18-hp aluminum engines by extending such elements as the 
cooling shrouds and using them as mounting panels for re- 
lated components. Unity with adjacent engine components 
such as the rocker-box covers is had with decorative ribbing 
that echoes the cooling fins on the cylinders. Intake and 
exhaust lines also help give the 2-cyl model an over-all look 
of integration 


OPTIONAL MODIFICATIONS of the basic engine enable 
user to tailor his power package to the job. The following 
variations are available: carburetion systems to use four 
different fuels, four valve and valve-seat combinations, 
four main and rod-end bearing options, three types of air 
cleaners, six different crankshaft modifications, five starter 
types, six kinds of engine-speed control, four engine 
shrouds. In addition, a wide range of gear reductions, fuel 
tanks, instrument panels, ignition systems and engine 
mountings are applicable. For special climatic or environ- 
mental conditions, fungus-proofing, radio shielding, car- 
buretor heating, reverse-flow cooling (18-hp model) and 
super-quiet mufflers can be specified. 


PS... First two models of die-cast aluminum engines are fore- 
runners of a family that will range from 2/2 to 75 hp. Future 
line, available to manufacturers of industrial equipment, machin- 
ery and vehicles, will include aircooled and watercooled, 2- and 
4-cycle models. 

The initial engines are (1) 9 hp, 4 quite single-cyl, aircooled; (2) 
18 hp, 4 cycle, 2-cyl, aircooled. Produced by Outboard Marine 
Corp, Waukegan, Ill., and marketed by the company’s OMC 
Engines and Equipment Div. 
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RELATIONSHIP of 1- and 2-cyl engines 
is indicated by the colored parts com 
mon to both. Of the total of 238 parts 
in 2-cyl model, 150 are interchangeable 
with the single-cyl unit. Ceneral de- 
sign principles of both units are iden- 
tical, and future multicylinder engines 
will employ parts and principles used 
in initial models. 

Aircooled overhead-valve cylinders 
are die-cast in a single piece, eliminat 
ing separate cylinder heads, head bolts 
and gaskets. Cast iron cylinder liners 
and valve seats are cast in place, but 
valve guides are removable. Cam- 
ground aluminum pistons and forged 
connecting rods with steel-backed 
babbitt bearing inserts are used. Valve 
rockers are actuated by pushrods and 
cam followers are operated by a cam 
shaft in the crankcase. The gear-driven 
camshaft also operates cam-drive fuel 
pump and gear-driven timer and oil 
pump. Positive-displacement gear 
pump delivers oil at 40 psi to all bear- 
ing surfaces. Oil system contains a 
strainer, filter, bypass valve and pres- 
sure switch. Die-cast crankcase is split 
in half to simplify maintenance and 
casting. Two tapered dowel pins are 
used to align the castings, which are 
assembled without gaskets. A liquid 
mastic is brushed on the milled crank- 
case edges to provide oiltight seal. 
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best heat treatment for 
PH STAINLESS STEELS 


When specifying a hardening treatment for 17-PH and PH 15-7 Mo, choose 
the one best suited to your design needs. These property data, plus details 
on the strengthening steps, will help. 


D C LUDWIGSON, principal metallurgist, Battelle Memorial Institute 


F or high strength structural parts subject to corrosion, 
17-7 PH and 15-7 Mo steels are becoming a practical 


answer. 


Experience shows their higher cost is often can- 


erties desired, and the final form of the manufactured part, 
will dictate which heat treatment to specify. 


4-step hardening 


celled out by the ease with which they can be formed 
after the annealing. Also, they can be hardened to tensile 


strengths over 200,000 psi—without drastic quenches that 
cause distortion. 

There PH (precipitation hardenable) steels often need 
heat treatments more complex than for the norma! hard- 
enable steels. In return, however, they offer superior re 
sistance to both corrosion and wear. And the aging step 
gives an extra boost to strength. In general, the final prop- 


The chart shows each hardening sequence begins with 
an anneal and ends with the appropriate aging step: 

1. Solution-anneal. In this mill-supplied form (‘‘condi- 
tion A”), these steels are austenitic (like the 18-8 stainless 
steels). Hence they are soft and easily fabricated—with 
typical elongation of 35% and yield strengths about 
50,000 psi; can be bent, stamped, drawn and spun like 
the 18-8 steels, but they work-harden slightly faster. 


SIX PH HARDENING SEQUENCES 





= 


THE HEAT TREATMENT 


THE TENSILE PROPERTIES 





SOLUTION- 
ANNEAL 


AUSTENITE 
CONDITIONING 





MARTENSITIC 
TRANSFORMATION 





ULTIMATE 
STRENGTH, psi x 1000 
17-7 PH PH 15-7 Mo 


0.2% OFFSET YIELD 
STRENGTH, psi x 1000 
17-7 PH. PH 15-7 Mo 


ELONGATION, % 














17-7 PH’ PH 15-7 Mo 








A 


1950 F=25 F; 


air cool 








REFRIGERATION HARDENING 











A 1750 
1750 F=15 F, 10 


min.; air cool 





R-100 


chill —100 F+10 F; 


hold 8 hr 








RH 950 
950 F*10F, 1 hr; 
air cool 





ALTERNATE 


Genesee 


LOW-TEMPERATURE HARDENING 





RMH 


950 F=10 F, 2 hr; 
900 F=10 F, 3 hr; 


850 F=—10 F, 3 hr; 


air cool 














1180 F210 F, 2 
hr for 17-7 PH, 

or 1250 F=10 F, 
for PH 15-7 Mo; 

air cool 


L 
chill —100 F 
=10 F; hold 8 hr 








LH 950 


950 F=10 F, 1 hr; 


air cool 











ALTERNATE 


DOUBLE HEAT TREATMENT 





LMH 


950 F= 10 F, 2 hr; 


900 F= 10 F, 3 hr; 
850 F* 10 F, 3 hr; 


air cool 

















1400 F= 25 F, 
90 min. 





T 
from 1400 F, cool 
to 55 F> 5 F 
within 1 hr; hold 
30 min, 


TH 1050 


1050 F=10 F, 90 


min.; air cool 





ROLL HARDENING 





Cc 





cold roll 60% 











CH 900 
900 F* 10 F, 1 hr; 


air cool 
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I—PH STEELS AT HIGH TEMPERATURES 


17-7PH PH 15-7 Mo 
Temp, °F RH950 THI050 CH900 RH950 TH1050 


Ultimate Tensile Strength, 1000 psi 
235 200 265 240 210 
197 174 239 211 
184 162 224 203 
160 143 205 182 
133 124 183 161 
93 130 


0.2% Offset Yield Strength, 1000 psi 
185 260 225 
165 223 190 
155 204 170 
129 176 149 
90 145 128 
a 101 


838883 


— 


8888 8888 88888" 83sss3 


Elong., % 
2 


2 
2 
5 
6 


11 

iia 13 
100-hr Rupture Stress, 1000 psi 

170 220 202 

130 194 193 
110 135 74 

78 53 125 


1000-hr Rupture Stress, 1000 psi 
158 216 200 
122 180 191 
90 73 171 
52 36 108 





1I—BEARING & SHEAR PROPERTIES OF PH STEELS 


17-7 PH PH 15-7 Mo 
Temp, °F Direction RH950 TH1I05O0 RH950 TH1050 


Ultimate Bearing Strength, 1000 psi 


RI Long 4 Pe 564 501 
Trans 455 355 487 504 


0.2% Deformation Strength, 1000 psi 
Long ot pod 405 342 
Trans 392 270 349 342 


Ultimate Shear Strength, 1000 psi 
Long 149 158 144 
Trans 155 163 142 
Long 122 152 137 
Trans 148 156 136 
Long 116 141 126 
Trans 132 137 125 
Long 114 130 117 
Trans 121 129 117 
Long 107 126 108 
Trans 119 \% 11 
99 1T9 104 
112 116 104 
87 - 107 94 
98 104 96 
65 89 81 
72 81 

















2. Austenite conditioning. This prehardening heat treat- 
ment makes the austenite unstable and favors its trans- 
formation to martensite on cooling. 


3. Martensitic transformation. ‘These steels harden as 
they are cooled from conditioning temperatures. They also 
harden by cold-rolling, without the heat-conditioning 
steps. Yield strengths range from 90,000 to 190,000. 

4. Aging. A final aging step boosts vield and ultimate 
strengths by 70,000 to 100,000 psi. This is done by a 
single heating at about 1000 F, or in multiple steps at 
progressively lower temperatures. The aging simultane- 
ously stress-relieves the part. 


Heat treatments 


The refrigeration hardening transforms by refrigeration 
at —100 F (R-100) and final strength is induced by aging 
at 950 F (RH 950). 

The cooling to room temperature from 1750 F permits 
clamping the part in shaped dies before completing the 
quench through the relatively short transformation range 
from about room temperature to —100 F. ‘These steels 
then conform accurately to the die shape. 

An alternate aging treatment, called multiple hard- 
ening, strengthens the material another 10,000 psi 
without loss of ductility, by aging at successively lower 
temperatures (RMH). The metal may be cooled to room 
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Temp PH 15-7 Mo 
range, °F RH950 TH1050 CH900 RH950 THI1050 
70-200 5.7 5.0 6.1 
70-400 6.6 ; : 
70-600 6.8 
70-800 6.9 
70-1000 











temperature between cach aging treatment or furnace- 
cooled from one temperature to the next 

The low-temperature hardening sequence conditions at 
1180 F for 17-PH (1250 F for PH 15-7 Mo), then follows 
by refrigeration and aging. Properties from this treatment 
(condition LH 950) are similar to those of RH 950 but 
lower conditioning temperatures avoid scaling and cause 
less distortion. This sequence also has an alternate multi- 
ple-hardening treatment (LMH). 

The double heat treatment conditions the PH steel 
at 1400 F, cools and transforms at 55 F, then ages at 
1050 F (TH 1050). The hardened material has less 
strength but is more ductile than by other methods. And 
those steels with large amounts of cold work do not re- 
spond well to this treatment. 
at 1550 F and refrigerated to zero F for 4 hr—the mate- 
rial is then aged at the normal 1050 F. 

Roll-hardened stock reduced 60% (C) is ‘further 
strengthened by aging at 900 F (CH 900). ‘Transforma- 
tion by rolling is more complete and therefore gives higher 
strength than thermal methods. But ductility is too low 


They must be conditioned 
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EASY TO FORM, this garbage-disposer shredder ring left: rolling the pierced blanks; flash welding into a 
of 17-7 PH will resist wear and corrosion. Fabrica- ring; pressing flanges at top and bottom; expanding 
tion at Budd Co shows drastic forming the metal can to size. 

take without process annealing. Clockwise from top 


for further forming. ‘The cold-worked material is less 
susceptible to intergranular corrosion than conditioned 
steels because the rolling does not precipitate carbides at 
the grain boundaries. It can be descaled by acid; these steels 
in other hardened conditions cannot. 


Properties from different heat treatments 


Room-temp tensile strength for each sequence is given 
at right of the chart. Highest strength is in cold-rolled 
condition CH 900, but its low ductility (2%) gives poor 
formability and limits applications to flat sheet or shallow- 
formed shapes. 

Elevated-temp strength (Table 1) also favors the CH 
900 treatment. For long-time loads, however, it loses its 
superiority at 800 or 900 F. 

Bearing and shear strengths (lable 2) are better after 
treatment RH 950 than TH 1050. However, properties 
from the TH 1050 sequence are more isotropic. 

Physical properties such as expansion coefficient vary 
with the treatment, Table 3. In general, RH 950 gives 
greater thermal expansion for 17-7 PH than TH 1050. 
For PH 15-7 Mo, coefficient values are higher with TH 
1050. Though these differences are small, they may sig 
nificantly influence certain critical designs. 


How form determines heat treatment 


Sheet parts that tend to warp, or parts with close dimen- 
sional tolerances, should be clamped in closed dies during 
transformation. This redistributes the growth to areas 
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where tolerances are not critical or to edges of the sheet 
that will be trimmed off. Dimensional changes are roughly 
predictable—growth during transformation is 0.005 in./in. 
and shrinkage during aging is 0.0005 in./in. 

Brazed sandwich panels can be hardened while cooling 
from the braze cycle with the double heat treat. Because 


the fixtures holding the part have a relatively large mass, 


cooling from brazing temperatures (near 1700 F*) is slow. 
The assembly is therefore conditioned by cooling to 1400 F 
and held for 90 min., then cooled directly to —20 F to 
ensure complete transformation. Aging is done at 1050 F. 

Springs and simple shapes usually start with cold-worked 
condition C. ‘This form has low ductility—spring coils 
cannot be wound on mandrels smaller than the wire 
diameter. Aging to CH 900 both strengthens and stress- 
relieves. When used for high-temperature springs, these 
steels are worked less severely to form a more stable struc- 
ture. 


EDITOR’S NOTE: For more on design with hardenable 
high-strength steels, see: 

The High-strength Steels—What They Offer, Jan 23 ’61, 
p 54—Updated data on the newer steels 

Cryogenic Sizing Freezes Accuracy into Hardenable 
Stainless Steel, Feb 15 ’60, p 61—Details on subzero re- 
frigeration process offering close tolerances at low cost for 
complex parts from the PH semi-austenitic steels. 

Also, see our booklet “Design with Steels.” Comprehen- 
sive report gives latest design data on wide range of steels 
for high strength and high temperatures. It is available 
from our Reader Service Dept for $2. 

—Herbert Kee 
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This up-to-date roundup not only lists the commercially available 


flowmeters, plus distinctive special types— 


it also shows how two steps will simplify the selection procedure 


ABOUT THE AUTHORS 


As supervisor of the Fluid Mechanics and Combustion 
Research Section, Armour Research Foundation, since 1956, 
Dr Miesse has directed research in flow measurement, seal 
development, cycle analysis, liquid-propellant rockets, jet 
engines, marine boilers, and automobile afterburners. 
Previously, he was research engineer at Battelle Memorial 
_ Institute and later a physicist for Aerojet-General Corp— 
where he analyzed unstable burning, atomization and 
combustion of rocket fuels, and vibration of missile com- 
ponents. 

Mr Curth researches problems of fluid flow and con- 
trols, and has investi ters, servo systems, high- 
temperature high- -pressure seals, refrigeration, compressors, 
valves, 3-dimensional flow sensors, and engines. Before join- 
ing Armour, he spent five years under Office of Naval 
Research sponsorship, investigating vibration and sound- 
transmission problems for Illinois Institute of Technology. 
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HMhcic is a familiar situation—you need a flowmeter te 
measure fluid flow, and it must be designed into the sys 
tem. One important factor that will determine the choice 
of meter is—do you want it to measure gas or liquid? ‘Th 
other factors are flow rate, accuracy, temperature rang; 
maximum pressure, and maximum viscosity 

Special considerations also enter the picture: for in 
stance, if you must measure laminar flow in a relativel 
large area such as a wind tunnel (where you must travers¢ 
the area and calculate an average flow) then only a pitot 
tube will do. Or if you are measuring fuel and need mass 
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MAXIMUM FLOW RATE 


Variable Head 
Orifice, Nozzle, Venturi 
Drag Body 


Variable Area 
Glass Tube 
Metal Tube 

Volume or Integrating 
Positive Disp. 
Turbine 

Obstructionless 
Magnetic 
Ultrasonic 

Mass 
Momentum 
Thermal 


ino ~«=610* = 108 ~—ss«st0®-— ss 10®——s«1:08 
CFM - Gas GPM - Liquid 


Variable Head TEMPERATURE RANGE 


Orifice, Nozzie, Venturi 
Drag Body 
Variable Area 
Glass Tube 
Metal Tube 
Volume or Integrating 
Positive Disp. 
Turbine 
Obstructionless 
Magnetic 
Ultrasonic 
Mass 
Momentum 
Thermal 


+1000 
°F 


+2000 


STANDARD ACCURACY 


0.5 10 86.2.0 2.0 1.0 05 
Percent of Reading Percent of Full Scole 


MAXIMUM PRESSURE MAXIMUM VISCOSITY 


10,000 1000 100 1000 
Psig Centistokes 


[=] Some meters reach this area 


flow or weight-flow information for horsepower or thrust 
computations, mass flowmeters may be the answer al- 
though many inferential or volume meters can be adapted 
for mass readings with the right auxiliary equipment. 
This article shows how two steps will simplify the selec- 
tion procedure. If one or more of the other factors are 
critical, a glance at the bar graphs will quickly eliminate 
inappropriate flowmeter types. Then take a closer look 
by turning to the performance table on page 38, where 
all basic types are compared in detail. Now you are 


ready to make a final choice, or to query your supplier. 


Preliminary selection 


When only one of the factors in the bar graph is criti- 
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cal, selection of a flowmeter type is relatively simple. For 
example, if you need high flow rate for a liquid, the 
magnetic type stands out, along with the turbine and 
variable head. Next you turn to the performance table 
and compare other criteria such as cost and condition of 
fluid. 

If two or more factors are critical, choosing a flow- 
meter may be more complicated and possibly require some 
compromise. For instance, suppose you must measure a 
gas and you need the high flow rate provided by the omi- 
fice meter, yet you need the accuracy of the drag body. 
If the application demands both factors, you may have to 
turn to the turbine meter as a compromise, but cost will 
be higher. 
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The performance table 


Flowmeters are listed in the performance table by basic 
group and by subgroup within each group. Several types 
that are described later on are not listed in the table— 
either because they are not commercially available or are 
beyond the requirements of this article. 

Fluid factors. These six columns compare fluids to be 
measured by quality, quantity, pressure, temperature, and 
viscosity. Some meters can only handle especially clean 
fluids and one type, the magnetic, needs a conductive 
liquid. Most types of meters can measure flow of either 
gas or liquid, but some are good only for gas (diaphragm, 
thermal) and some only good for liquid (volume types 
except diaphragm, and obstructionless types). 

Range or maximum flow does not show range of any 
one meter, but the flow range for each type within which 
a meter may be procured. The rangeability column gives 
an indication of how broad each meter’s range will be 
within each type. 

Pressure and viscosity are listed by maximum rather 
than by range because the minimums are unimportant—if 
you have enough of each to have flow, you can measure it. 
Temperature is listed in range rather than maximum be- 
cause of the growing importance of low-temperature meas- 
urement. 

Application factors. These columns cover the character- 
istics of the meters themselves—scale, indication, accuracy, 
materials, and pressure loss. Some types are rate meters, 
giving instantaneous flow rate. Others are totalizers, giv- 
ing total quantity of flow, like the water meter in your 
house. Equipment can be obtained that will adapt a rate 
meter to a totalizer or vice versa, but this adds to cost. If 
possible, it’s better to decide which function you need, 
then pick the type that does it naturally. 

Almost all flowmeter types provide remote indication 
(readout), but some such as the rotameter are direct- 
reading, or local. 

Accuracy must be carefully noted because some types 
are accurate within a certain percentage full scale, and 
others within a percentage of the reading. Construction 
materials become important when you're faced with special 
conditions—high temperatures, corrosive fluids or atmos- 
pheres, light weight, etc. Pressure losses are hard to 
specify exactly by basic type because the flow range and 
operating pressure of the particular meter have a large 
influence on this factor. The exception here is the obstruc- 
tionless types—they handle high rates of flow with no more 
pressure loss than a straight pipe. 

Installation factors. These are factors of line size, special 
piping, power required, and relative cost. For purposes of 
this article, only minimum line sizes are significant. For 
other applications, some types listed will handle 2-, 3- or 
even 6-foot pipelines. 

Special piping is required for the variable-head meters 
because they measure differential pressure which must be 
picked off at certain distances upstream and downstream 
from the restriction. Other types must be installed in 
certain positions—for example, the rotameters must be 
vertical in order to operate. 

Some of the more complex and expensive types require 
external power to operate. Mass flowmeters even need a 
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special motor to drive them at a known constant speed 

Cost is listed on a relative basis only, because it will 
vary by manufacturer, flow range, accuracy, extra equip 
ment, and so on, depending on your particular require 
ments within a basic type. 


STANDARD FLOWMETER TYPES 
Variable-head meters 


Variable-head meters measure pressure differential acro 
a restriction placed in a pipeline. Volume flow for liquid 
is calculated using the equation 


Q=CA WV 2gh 
where QO is flow, cu in. per sec; C is discharge coefficient; A 
is orifice area, sq in.; g is acceleration of gravity, in. pet 
sec’; and h is pressure drop across the restriction, in inches 
of column height. For gas, a more complex equation is 
needed, but often the liquid equation is used with suitable 
correction factor. 

Head meters consist of a primary element, which is a 
restriction containing an aperture, and a secondary element 
such as a manometer, bell gage, or bellows or diaphragm 
Primary elements can be an orifice pl 
drag body, capillary tube, or pitot tube. Because thes¢ 
meters have long been the most popular and versatile type, 


much empirical data has been published on discharge co 


ite, nozzie, ventul 


efhcients, and sizes and combinations of primary and 
secondary elements 
range of flow quantities, line sizes, and materials. 


Head meters are available in a wide 


When used with other equipment, such as 
tometer which compensates for density chang 
meters can measure mass flow. ‘The equation | 

W=CA V2pAp 
where W is flow rate, Ib; C is discharge coefhicient (not 
necessarily same as C used for volume flow); A is cross 
sectional area, sq in.; p is density; and A p is pressure drop 
across the restriction, ft. 


ADVANTAGES. Accuracy, economy, availability. Also, 
versatility. You can buy any of the primary devices and 
supply your own secondary, or you can buy a combination 
of the two. Adaptable to remote indicating and recording 
DISADVANTAGES. Pulsing flow, as well as changes in 
density, temperature, pressure and viscosity, affect accuracy. 
flow 


of the instrument’s maxi 


Because relationship between differential pressure and 
is nonlinear, flows less than 20% 
mum capacity are impractical to measure 
about 3:1. 

Pressure recovery is never 100% 


Rangeability 
pressurt 

of the restriction never recovers from the 

caused by the restriction). Illustrations on 

effect of three primary head meter elements 


text « 





PERFORMANCE CHARACTERISTICS OF FLOWMETERS BY 





FLUID FACTORS APPLICATION FACTORS 





Range of Useful | Max Construc- 
Max Flow: Range- | Pres- | Range, Indi- Standard tion 
Liquid, gpm | ability | sure, | °F cation | Accuracy| Materials 

Gas, cfm psig 




















Orifice | 0.2-3500 5:1 | 6000 | —455 | . | Remote | 1-2% | Most metals 


50—100,000 | to diff. press.) full scale | 
2000 | diff. press. 


























Flow Nozzle|| Liquid | 0.5-15,000 : | —60 4000 . | Remote | 1-2% Bronze, 
Gas | 100-500,000 to | diff.press.| full scale | iron, steel, 
1500 diff. press.| stainless stl. 





VARIABLE Venturi Liquid | 0.5—15,000 : | —60 4000 b Remote 1-2% Bronze, 
HEAD Gas 100—500,000 | to | diff.press.| full scale | iron, steel, 
1500 diff.press.| stn. stl., 
| plastic 








Drag Body Liquid | 0.5—2000 : ; Remote V2-2% Steel, 
(Var. Force) electric full scale | stn. stl. 


Glass Tube Local or 1-2% Most metals, 

Rotameter ‘ 400cc/min 700 remote full scale | plastics & 
VARIABLE electric or ceramics 
AREA pneumatic) 








Metal Tube Local or Most metals, 
Rotameter plostics & 
| ceramics 












































Recipro- Clean | 0.002-200,000 | 10:1 | i Bronze, 
cating liquids | to ! remote i iron steel, 
Piston 20:1 electric stn. stl 





Rotary Clean | 5-8750 10:1 3000 Local or y Bronze, 
Piston liquids to remote i iron, steel, 
20:1 electric stn. stl 





VOLUME Nutating Clean | 0.25-1000 19:1 150 Local or Bronze, 
OR Disk liquids to remote reading iron, steel, 
INTEGRATING 300 electric stn. stl. 





Diaphragm 0.25-—500 3 —30 Local 1% Steel, 
to | reading aluminum, 
180 syn rubber 





Turbine 0.004—50,000 15:1 (15,000) —455 Linear | Remote Vr To Aluminum, 
or 0.5-300,000 10:1 to Total | electric reading | stn. stl. 
Propeller 1000 | 


ees — 

Magnetic — 200 
to 
360 





OBSTRUC- 
TIONLESS 





Sonic 1-l1A% 
Le full scale 
Ultrasonic || 



































Momentum iqui 100-4000 ppm : Linear | Local or 
Gyroscopic 20-600 ppm Total remote full scale | steel, 
Rate electric stn. stl. 





Momentum — Liquid | 40-100,000 ppm : || Linear | Remote ”~% Aluminum, 5-20 
Axial Gas 10-15,000 ppm | Total electric reading stn, stl. 
| Rate 





Thermal 1.0 gm/min : all gas || Loga- | Remote 1-2% Bronze, 
to || rithmic electric reading steel, 
80 ppm || Rate stn. stl 
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BASIC GROUPS 





INSTALLATION FACTORS 





Special | 
Piping 
Considerations | 


Typical 
Power 
Requirement 


Relative 
Cost 











1Y%-12 
& larger 


Straight pipe: 
10 diameters upstream; 
3 downstream 





1-24 Straight pipe: 
& larger 10 diameters upstream; 
3 downstream 





Straight pipe: 
10 diameters upstream; 
3 downstream 





Vertical or 
horizontal 





Vertical only 








Vertical only 








Horizontal recommended | None 





Horizontal recommended 





Horizontal recommended 





Horizontal recommended 





li5v 
50 w 


Any position 





60 cps 





1S 
200 w 


1/10-78 | 


60 cps 





1i5v 
100 w 


Any position 











1i5v 
50 w 


Horizontal recommended 


60 cps 


60 cps 





4.0-5.0 





Horizontal recommended | 115 v 
| 50 w 


60 cps 


6.0-8.0 





1i5v 


| 10 w 


| Any position 








60 cps 


1.0-4.0 
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FE Jo strain gages 











flow -—> | | | 


DRAG BODY, Ramapo Instrument Co 























ROTAMETER, Brooks Rotameter Co 


Orifice type consists of a thin plate containing a sharp- 
edged orifice, usually installed between pipe flanges in a 
line. Orifice diameter is ordinarily fixed at some pro- 
portion to line diameter, from 0.2 to 0.8. Instruments with 
smaller or larger diameters (0.1 or 0.9) require individual 
calibration. Exact orifice diameter can be calculated from 
application conditions of line size, flow quantity and condi- 
tion, and differential pressure. Flow coefficients have been 
empirically established for all practical conditions, and are 
available in flow-calculation manuals or from your supplier. 

A method for obtaining mass flow rate by recirculating 
the flow through two identical orifices will be covered in a 
forthcoming article now in preparation. 

Pressure taps for secondary elements must be located 
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DIAPHRAGM GAS METER, Rockwel 


where turbulence is at a minimum. 


S Ilange taps, the most 
commonly used connection, are located 1] in. upstream 
and 1 in. downstream of the orifice. 


symmetrical, they 


Because they are 
can measure flow in either direction, 
providing you turn the orifice around. Also, because they 
are located to the flange, they are accessible 
for inspection, and are located by the manufacturer of the 
flange, thus eliminating possible location errors. 


close 


‘I wo 
other arrangements for locating taps are sometimes used 
the vena contracta taps, located upstream about 1 pip« 
diameter and downstream at the point of minimum static 
pressure, which are a little more accurate than flange taps 
because they sense maximum pressure differential; and pipe 
taps, located 24 pipe diameters upstream and 8 diameters 
downstream, which measure permanent pressure losses. 


ADVANTAGES. Simple to install, economical, data 
available, accurate, wide range of materials. 
DISADVANTAGES. Requires straight run of pipe, has 
lower pressure recovery; is inaccurate for high viscosities 
(below Reynolds number of 15,000), and low static-pres- 
sure applications such as blowers; handles clear fluids only 
(except for special segmental and eccentric types). The 
Reynolds number is a dimensionless index of ratio of 
inertia to viscosity. When number is high, inertia forces 
predominate and viscosity forces are insignificant; when 
Reynolds number is low, viscosity effects are important, 
causing the discharge coefficient to become a variable, 
seriously complicating measurement. 

Flow nozzle consists of a flared inlet section followed by 
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RECIPROCATING-PISTON METER 


| Mfg Co 


REVOLVING-DRUM METER 


a cvlindrical throat, whose diameter is generally between 
0.25 and 0.7 of line diameter. Not as convenient or cheap 
as an orifice plate, the flow nozzle is often used for higher 
flow rates, or higher viscosities. 


ADVANTAGES: Easy to install between flanges; handles 
dirty fluids compared with orifice type, it is more accurate 
for high velocity flow, gives better pressure recovery, and is 
less susceptible to inaccuracies due to wear. 
DISADVANTAGES: Expensive to make; hard to remove 
from line, cannot ordinarily be modified to handle higher 
capacities. 

Venturi is similar to flow nozzle except that the throat 
section is short and gradually diverges to pipeline diameter. 
This taper effect y ields best pressure recovery of differential- 
When cost permits, venturis are used 
flow measurement must be made with 
minimum loss of energy. 


pressure types. 
where accurate 
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ADVANTAGES: Most accurate of pressure-differential 
types; excellent pressure recovery; good for large volumes 
of dirty fluids. 
DISADVANTAGES. Expensive, hard to make, awkward 
to install, hard to modify for changes in flow range. 
Pitot tube contains two pressure passages. One faces 
into flow, sensing total pressure; the second faces perpen- 
dicular to flow, sensing only static pressure. The difference 
in pressure between the two is a measure of velocity. But, 
because it senses velocity at only one point, the pitot tube 
must traverse a cross-section of the flow area measuring 
differential at various points. The velocities are then 
averaged and flow is determined by the equation: O = Av, 
where A is cross-sectional area of line, v is average velocity. 


ADVANTAGES: Very little energy consumption; simple 
to instal; single element can be used for most line sizes; 
inexpensive. 

DISADVANTAGES: Relatively inaccurate; handles clean 
fluids only; takes time and patience to traverse. 

Drag body senses the velocity of fluid flow as a function 
of the dynamic forces acting upon a fixed body in the flow 
stream. One type contains bonded strain gages in a bridge 
circuit, completely isolated from the fluid by a wall of 
stainless steel. Force on drag body deflects a rod carrying 
the gages. Electrical output is proportional to the square 
of the original flow rate. 


ADVANTAGES. Can be most accurate of differential 
pressure meters; can operate in either direction. 


DISADVANTAGES. Requires external power and meter; 
sensitive to shock, vibration. 

Capillary type is used for very low flow ranges, and for 
higher viscosities—where the Reynolds number is below 
15,000. Device operates on the principle that the quantity 
of fluid passing through a small tube in a given time is 
proportional to the pressure difference causing the flow 
times tube diameter to the fourth power over the reciprocal 
of tube length times viscosity. For this so-called Hagen- 
Poisenille law, the equation is: 


xApd 


Q= 128 » 1 


where Ap is pressure drop, d is tube diameter, » is viscosity, 
] is length. 


Variable-area meters 


These meters also operate by means of differential pres- 
sure, but whereas head meters contain a fixed aperture and 
measure differential pressure, area meters maintain a rela 
tively constant differential pressure and measure the aper- 
ture area as it varies with flow. The most common device 
of this type is a rotameter, which consists of a vertical 
tapered glass tube containing a tapered weight. The 
amount of cross-sectional area is determined by height of 
the weight as it is suspended by the force of pressure 
Differential pressure remains constant because the weight 
is constant—as flow is increased, the weight is forced 
higher in the tube, causing the area to increase. The tube 
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is graduated so that flow rate can be read directly. Another 
variable-area meter is the metal tube or cylinder-and-piston 
type: a piston is accurately fitted inside a cylinder and is 
lifted by fluid pressure until enough port area in the 
cylinder is opened to permit passage of the flow. 


ADVANTAGES. Secondary elements not needed; accu 
rate over wide range, including low flow; handles corrosive 
fluids; direct reading, or can be used with magnetic follow- 
ing devices for remote reading; small capacity changes can 
be accomplished by simple changes in weight; no special 
upstream or downstream piping needed; pressure loss is 
small, constant. 

DISADVANTAGES. Glass tube must be cleaned; dirty 
fluid requires remote readout, defeating meter’s basic 
simplicity; though “relatively constant,” differential pres- 
sure increases as flow increases because of frictional forces 
within meter; requires damping devices for pulsing flow. 


Positive-displacement meters 


Displacement meters are totalizers. They chop the flow 
into known volumes and count the number of chunks. 
Except for the diaphragm type, they share the following: 


ADVANTAGES. Simply designed; accurate, even for low 
end of flow range; available in different materials and 
calibrations for measuring widely different fluids. 
DISADVANTAGES. Maintenance is high because of 
moving parts; wear destroys accuracy; requires vapor trap 
upstream if entrained gas is present in liquid; relatively 
expensive to obtain instantaneous flow rates. 
Diaphragm type is a gas flowmeter. It consists of a 
divided housing, two diaphragms, two sliding valves, a 
crank, a tangent arm, and linkage. When gas flows, the 
valves cause one diaphragm to fill and the other to empty, 
each acting as a reciprocating piston. Through linkage 
from the diaphragms, the crank’s tangent arm picks up the 
reciprocating motion and turns the crank. Rotation of the 
crank is directly proportional to motion of the diaphragms, 
which in turn is proportional to the volume of gas flowing. 


ADVANTAGES. 
directly. 
DISADVANTAGES. Gas only; relatively low pressure. 

Reciprocating piston type is available in many variations. 
One common type uses two cylinders, a double-ended 
piston, and a sliding valve. When valve is in left position, 
fluid enters and is directed against piston on left, pushing 
entire piston assembly to right, and forcing out fluid 
trapped by right piston. When assembly reaches extreme 
right position, sliding valve moves to right. Fluid is then 
directed against right piston and assembly is pushed to 
left, forcing out fluid trapped on left side. Pistons are 
connected to crank arm which positions sliding valve and 
operates counting mechanism. 

Revolving drum measures flow of gases. The measuring 
element is a drum partly submerged in a liquid. The gas 
bubbles through the liquid, pushing against partitions in 
drum, causing drum to rotate and release gas at the outlet. 


continued, next page 


Economy; linear; measures volume 
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ROTATING-PISTON METER, 
Neptune Meter Co 


Rotating piston, or vane type, consists of a piston 
mounted eccentrically inside a cylinder. The piston con- 
tains spring-loaded sliding vanes which continually main- 
tain contact with the cylinder wall. Fluid entering the 
cylinder is trapped by the vanes and causes the piston to 
rotate until it is carried around to the outlet port; here it is 
forced out by the decreasing volume of space between 
vanes. 

Nutating disk measures liquid. The disk rocks or 
nutates when liquid enters the inlet. Each nutation cycle 
discharges a discrete volume of liquid through the outlet. 
Simple design, relatively low cost, and minimum main- 
tenance make this type most commonly used displacement 
meter. 

Lobed-impeller meter measures gas flow, and operates 
much like the rotating piston. Two rotors revolve in a 
fixed position inside the chamber. They are shaped to 
maintain contact between the housing and each other. As 
the gas enters the chamber, it is trapped by the rotors and 
carried around to the outlet. Flow is totalized by counting 
revolutions. 


True-mass flowmeters 


Mass flowmeters are also called transverse-momentum 
meters because they impart a known, constant velocity to 
the fluid at right angles to its direction of flow. The force 
required to accelerate or retard the fluid stream is equal 
to the rate of change of momentum in the transverse 
direction, which in turn is proportioned to the mass rate of 
flow. 

ADVANTAGES. Mass flow is indicated directly, un- 
affected by changes in density, temperature, pressure, 
viscosity, compressibility; indicates rate and total flow. 


DISADVANTAGES. Expensive; require rotating seals; 
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LOBED-IMPELLER METER 


require highly accurate, constant-speed drive. 

Axial flowmeter contains an impeller and a_torque- 
sensing wheel. The impeller is driven at a constant 
angular velocity. The torque wheel senses the total an- 
gular momentum, and subtracts the known momentum 
added by the impeller. The remaining momentum pro- 
duces a torque proportional to mass rate of flow. The 
torque-sensing wheel is spring-restrained and magnetically 
coupled to an angular position pick-off. 

A second version of the axial flowmeter contains two 
impellers, driven in opposite directions, with the torque 
sensing wheel between them. The sensing wheel is re- 
strained electromechanically instead of mechanically with a 
spring. Flow can be measured in either direction with 
this method, but pressure drop is greater because of the 
second impeller. 

Gyroscopic type uses tubing bent in the form of a circle 
or square. The device is spun about the x axis while fluid 
is flowing through the tubing. As with a gyro, a moment 
acting about an axis perpendicular to both x and y is pro- 
duced. The moment is a function of both angular rota- 
tion and mass flow-rate. 
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AXIAL MASS FLOWMETER, General Electric Co 
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GYRO MASS FLOWMETER, Norwood Controls Div, 
Control Engineering Corp 


A refinement of the gyroscopic meter is the vibrating 
gyro. Here, flow rate is indicated by the amplitude of 
resultant vibration. Advantages are: no flow obstruction, 
mass flow-rate is indicated directly, design is simple, and 
pressure drop is low. Disadvantages include excessive 
vertical-space requirements, sensitivity to turbulence, and 
nonlinearity at low flow rates. 
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Magnetic flowmeter 


Based on Faraday’s law of electromagnetic induction, a 
magnetic flowmeter consists of a piece of straight pipe, an 
electric coil set to produce a magnetic field perpendiculai 
to flow, and a set of electrodes located at right angles to 
both magnetic field and flow. When liquid flows, the 
voltage induced is proportional to average velocity of liquid, 
strength of magnetic field, and distance between electrodes. 
In a given meter, the magnetic field and distance between 
electrodes are constant, therefore the induced voltage is 
directly proportional to flow velocity. 


ADVANTAGES. High sensitivity and accuracy; wide flow 
range can be measured in either direction; output is linear; 
pressure loss is negligible—same as for straight pipe; 
handles many materials, clean or dirty; temperature and 
viscosity changes have little effect on accuracy. 


DISADVANTAGES. Expensive; liquids must be con- 
ductive; maximum ambient temp is about 135 F, fluid to 


400 F. 


Sonic velocity flowmeter 


Similar to magnetic flowmeter in that there is no ob 
truction to flow. the sonic velocity flowmeter consists of 
two ultrasonic transmitters and two receivers located so 
that one pair operates against the direction of flow (or 
upstream) and the other pair with flow (downstream). 
If both transmitters send on the same frequency, the differ- 
ence in phase at the receivers between the two pairs is 
proportional to fluid velocity. 


ADVANTAGES. Because of straight pipe, pressure loss 
is negligible; volumetric measurement unaffected by density 
change; readout can easily be analog or digital; can operate 
in any position 


yntinued next 
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TURBINE (Pottermeter), Potter Aeronautical Corp 


DISADVANTAGES. Expensive; temperatures limited 
between —65 and 165 F; high viscosities cannot be meas- 
ured. 


Thermal meters 


Used for measuring gas, thermal meters operate on the 
principle that when supplied from an outside source, heat 
is absorbed in a flowing stream proportional to the rate of 
flow. A thermal flow chamber contains a noble-metal 
thermopile. The hot junctions are heated by alternating 
current. The cold junctions, which sense the heat in the 
flow stream, are constructed to discourage heating: resist- 
ance is lower, heat conductivity is increased. Flow 
through the chamber tends to bring hot and cold junctions 
to the same temperature, which reduces voltage output of 

Transmitting Transmitting the thermopile. Thus voltage output is a measure of 
(i) — tronsducer transducer velocity of flow. As flow increases, voltage decreases 
asymptotically to zero, producing a logarithmic scale. 


ADVANTAGES. Logarithmic scale permits measurement 
of wide range of flow; low pressure loss; fast response; flow 
element is relatively low cost. 

DISADVANTAGES. Gas only; element must be pro- 


tected from foreign particles by fine-mesh screen. 


MAGNETIC METER, Fischer & Porter Co 











Turbine flowmeters 


aN 
yf Turbine meter contains a turbine wheel which rotates 
44) 3G (2) at a speed proportional to fluid velocity. Inside the wheel 
Receiving * Receiving is a small permanent magnet, polarized at right angles to 
transducer transducer axis of rotation. As the wheel turns, pulses are generated 
in Sk ian aii in a coil mounted outside the housing. (A second type 
SONIC METER uses the turbine blade tips to induce the electrical pulses.) 
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MAGNUS-EFFECT METER 


Frequency of the pulsating signal gives the instantaneous 
flow rate, and the number of pulses totalizes the flow. 


ADVANTAGES. Handles high pressures; high accuracy; 
quick response. 

DISADVANTAGES. Abrasive media shorten bearing life; 
severe pulsing flow and shocks affect calibration, which 
must be verified. 


SPECIAL-INTEREST TYPES 
Radial flowmeter 


The radial (Coriolis) type is a mass flowmeter, similar 
to a centrifugal pump. Fluid entering at the hub is de- 
flected from its axial path by a vaned impeller. As the fluid 
moves away from the impeller’s center of rotation, its 
tangential velocity increases—reflecting the effect called 
Coriolis acceleration. With the impeller rotating at con- 
stant rpm, the acceleration is also constant, and the force 
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FLOW-ACCELERATION METER 





required to tangentially accelerate fluid flow 
tional to mass flow-rate. 


ADVANTAGES. Handles gases, 


produces pressure rise rather than pressure drop; fast, lineat 


propo! 


liquids, foams, slurries; 
response; adaptable to standard recording, indicating and 
controlling equipment 

DISADVANTAGES. Requires highly accurate, constant- 
rotating 


speed drive; needs much maintenance; requires 


seals 


Magnus-effect flowmeter 


The fluid passes in two streams around a rotating cyl- 
inder as shown in the sketch. Flow in upper stream tends 
to be greater because the cylinder surface moves in same 
direction as the flow. The lower flow tends to be re- 
tarded. Net effect is to increase static pressure in the 
lower path, and decrease it in the upper. Pressure differ- 
ential will be directly proportonal to mass flow if these 
assumptions are valid: flow in each passage is potential- 
type only (based on flowline concepts); effective “circu 
lating” flow velocity (caused by constant cylinder rotation) 
is constant for any fluid; total flow is the same whether 
cylinder is stationary or rotating. ‘The assumptions are 
not usually valid, however, and careful calibration is needed 


Flow-acceleration meter 


Mass rate of flow is obtained by integrating the force 
required to accelerate the fluid in a given length of con- 
duit. Flexible couplings isolate the conduit so that any 
horizontal force acting on it can be determined by meas 
uring its horizontal displacement. ‘The fluid must be as 
sumed to be incompressible and homogeneous. Accuracy 
is limited only by accuracy of the integrator. 


continued, ne 
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A Shopping Guide—by Basic Type 


Once you decide on a basic type of flowmeter, the list be- 
low will direct you to some of the suppliers of each type. 
The numbers refer to the manufacturers who are listed, in 
alphabetical order, under ‘‘Acknowledgments.” 


ORIFICE 
NOZZLE 
VENTURI 
DRAG BODY 
GLASS TUBE 
METAL TUBE 
RECIP. PISTON 
ROTARY PISTON 
NUTATING DISK 
DIAPHRAGM 
TURBINE 
MAGNETIC 
SONIC 
GYROSCOPIC 
MOMENTUM 
AXIAL 
MOMENTUM 
THERMAL 


2, 7, 17, 20, 23, 27, 38, 45, 49 

2, 7,9, 17, 19, 20, 23, 27, 31, 38, 46, 49 
2, 7,9, 17, 20, 23, 27, 31, 38, 46, 49 
14, 29, 35, 48 

3, 6, 11, 13, 15, 17, 29, 42, 43, 44, 51 
6, 7, 11, 17, 29, 42, 51 

4, 5, 47 

5, 10, 28, 34, 40, 41, 47 

8, 28, 40 

40, 41 

11, 17, 25, 33, 35, 36, 39, 52 

4, 17, 20, 30, 49 

18, 22, 26 


7, 12, 16, 21 


1, 18, 32, 33, 37 
18, 24, 50 
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21. General Electric Co, West Lynn, Mass 
22. Gulton Industries Inc, Vibro-Ceramics Div, Metu- 
chen, NJ 
23. Hagan Corp, Pittsburgh 30 
24. Hastings-Raydist inc, Hampton, Va 
25. Hersey-Sparling Meter Co, Dedham, Mass 
. The W L Maxson Corp, New York 18 
27. The Meriam Instrument Co, Cleveland 
28. Neptune Meter Co, New York City 
. New Jersey Meter Co, Plainfield, NJ 
. Nuclear Corp of America, New York City 
31 Penn Instrument Div, Burgess Manning Corp, 
Philadelphia 4 
Pioneer-Central Div, Bendix Corp, Davenport, lowa 
. Potter Aeronautical Corp, Union, NJ 
. Precision Scientific, Chicago 
Ramapo Instrument Co, Bloomingdale, NJ 
Rotron Controls Corp, Woodstock, NY 
Quantum Dynamics, Tarzana, Calif 
. Republic Flow Meters Co, Chicago 47 
. Revere Corp of America, Wallingford, Conn 
Rockwell Mfg Co, Pittsburgh 8 
. Roots-Connersville Blower Co, Connersville, Ind 
Schutte & Koerting Co, Bucks County, Penna 
Selas Corp, Dresher, Penna 
. Sentry Equipment Corp, Oconomowoc, Wis 
. Simmonds Precision Instrument Co, Tarrytown, 
NY 
. Simplex Valve & Meter Co, Lancaster, Penna 
. A O Smith Co, Meter Div, Milwaukee 
. Standard Controls, Seattle 44 
. Taylor Instrument Co, Rochester, NY 
. Trans-Sonics Inc, Lexington, Mass 
Wallace & Tiernan, Newark, NJ 
Waugh Engineering Co, Van Nuys, Calif 


For REPRINT of above article, just check 603 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: For information on the use of fluids in 
hydraulic and pneumatic systems, see: 

Evaluating Fluid-filtering Media, Nov 28 ’60, p 29—Author 
presents basic information for understanding how to choose 
filters for hydraulic and pneumatic systems. Included are 
tables comparing performance of typical filter media con- 
structions and compatibility of fluids and filters. 

Modern Fluids for Power and Control, Jan 18 ‘60, p 56 
Covers all conventional fluids, including fire-resistant types; 
gives important physical properties and chemical compati- 
bility with seals and packings. 

Pressure Losses in Pneumatic Systems, Oct 26 

Simple calculations for pressure drops of components in 
series. Nomograph method extends NBS techniques. 

Pressure Losses in Hydraulic Branch-off Fittings, July 20 
59, p 60—Performance curves for flush, elbow, and probe- 
type takeoffs relate losses to branch-to-main velocity 
ratio, branch-off angle and design. 


59, p 50 


A future article covers laminar meters (capillary, porous 
plug) and special adaptations of variable-head meters. 
—Frank Hall 
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SINGLE NOMOGRAPH FOR 


18 CONSTANT-STRENGTH BEANS 


With help of K factor it finds total load the beam will carry, 


and maximum bending moment. 


WILLIAM GRIFFEL 
Ordnance engineer 
Picatinny Arsenal 


A constant-strength beam has the 
same maximum bending stress at every 
section; consequently, there must be 
just enough material at every cross 
section—and no more. Since stress 
S = Mc’/I, this is done by varying the 
shape so that I/c changes with M. 
Each shape keeps stress constant for 
only one specific combination of sup- 
port and loading conditions. Because 
the shape takes only bending stresses 
into account, material may have to be 
added at the supports and at the load 
to withstand shear. 

Several different beams are shown 
in the sketches at right. For each 
there is listed a value of K = PL/M. 
Given K, beam dimensions and safe 
stress, the nomograph will solve for 
total load P = SKbh’/6 L, and maxi 
mum bending moment. 


EXAMPLE: What is the carrying ca- 
pacity (Ib/in. of length ) of a type-6 
constant-strength beam if b = 1.9 in., 
h 2.0 in., L 30 in. and S 
70,000 psi? 

Solution: From the chart K = 2. The 
nomograph gives total load P = 6000 
lb. Carrying capacity = P/L = 
6000/30 = 200 lb/in. 


continued, page 49 
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DOUBLE REDUCTION, HELICAL 


RIGHT-ANGLE, WORM 


LET REULAND TAILOR A MOTOREDUCER 
PACKAGE TO YOUR EXACT NEEDS... 


No longer must you “make something do”... no longer 
must you modify your machine to fit the drive! Hundreds of 
different speed and power variations can be developed from 
the three basic Reuland gear reduction units shown above. 


This is made possible through the use of Reuland’s famous 
“Xpandable-Design” idea. 


Whether you need a simple motor-and-reducer — or an 
amazing, automatic combination with a special motor, gear 
reducer, magnetic brake and fluid coupling — Reuland engi- 
neers can quickly solve your drive problem. 


Costs are lowered. Development time is saved. Your drive 
is right. Why not see first-hand what a Reuland Motoreducer 


can do for you. 
Refer to Sweets 1961 Design Catalog 7a/RE 


- ADD ANY ONE OF THESE 6 DRIVE MOTORS 


TO ANY OF THE 3 GEAR REDUCTION 
UNITS SHOWN ABOVE... 


. Double 
eduction, 
Helical 1. Fluid-Shoft 


. Standard Squirrel Cage 

. Multi-Speed 

. Wound Rotor 

. Crane — Hoist duty motors 


. Torque motors 
Right-Angle, 
Worm 
Our new brochure “Modern 
Single Power for Modern-Day Products” 
Reduction, will be helpful in your work. 
Helical 4 Sent free on request. 


MODERN POWER FOR MODERN-DAY PRODUCTS A DEMONSTRATION UNIT 


- »- ALL IN LIGHTWEIGHT ALUMINUM FRAMES! 


FOR YOUR EQUIPMENT? 
So sure are we you'll like 


what you see, we're offering 
to engineer a demonstration 
unit for your equipment with- 


Reuland Electric Company — Distributors in all principal cities 


out the slightest obligation. 
Just write us. 


Western Division: Alhambra, California * Eastern Division: Howell, Michigan 
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BEAMS continued 





SYMBOLS 


= Maximum width of beam, in. 


Distance from neutral plane 
to outer fiber, in. 


= Maximum depth of beam, in. 


= Rectangular moment of iner- 
tia about neutral axis, in.‘ 
Constant whose value depends 
on loading and support 

= Length of beam, in. 
Bending moment, lb-in. 
Total load on beam, lb 

= Safe stress, psi 
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Coliseum, New York City 


Come profit with plastics in the $4 billion 
marketplace * See the National Plastics 
Exposition—this huge show is the major 
event in the plastics industry * Spon- 
sored by The Society of the Plastics 
Industry, Inc. * 250 Park Avenue, New 
York 17, N.Y.* Advance registration forms 
now available « Please make re- (a) p 
quests on company letterhead. aad 


OTH NATIONAL 
PLASTICS 
EXPOSITION 
NEW YORK 
COLISEUM 
JUNE 5-9 
1961 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


SEAL DISASSEMBLED 


QV 


Face-type shaft seals .. . 


can be disassembled and reassembled by hand, cutting tooling costs for small-volum« 


faa 


SEAL ASSEMBLED 


users. From stock in sizes up to 4 in., they conform to all standard face-type cartridge 
seal dimensions and can replace these in the field. Said to provide improved sealing by 
use of standard O-ring packings and Teflon-coated inner sealing surfaces. Aluminum 
in both adapters and outer shells minimize inertia losses. Prices reportedly run “sub 
stantially lower” than standard face-type cartridge seals. Gits Bros Mfg Co, 1866 S$ 
Kilbourn Ave, Chicago 23. 

Circle 300 on Reader Service Card 


FILTERING POSITION CLEANING POSITION 


Submersible filter . . . 

projects through hole in wall of tank when submerged. Need for cleaning is shown 
by dirt indicator on cover plate, and unit can be cleaned from outside the tank with 
out draining tank or shutting off valves. Outlet pipe can project from top, bottom 
or from either end using a single elbow (can be placed straight across and out back 
without any elbow). Rosaen Co, 1776 E Nine Mile Rd, 
Hazel Park, Mich. 


Sizes include 30 and 60 gpm 


Circle 301 on Reader Service Card 


Glass filament-wound epoxy tubing . . . 

is said to top burst-strength properties of G-10 grades by about 3 to 1. Made by use 
of continuous strands of glass filaments that are bathed in epoxy resin, helically wound 
and then heat cured, the tubing reportedly makes it possible to achieve exact ratios 
between burst and tensile strengths. Available in variety of circular sizes and lengths 
or in such special cross-section shapes as rectangular. Also can be furnished in com- 
bination with vulcanized fibre tubes or metal inserts. Spaulding Fibre Co Inc, 310 
Wheeler St, Tonawanda, NY. 


Circle 302 on Reader Service Card 
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Indicator-light capsules . . . 
use white lamps and a color filter to il 

minate legend areas in thre olor T we 
MS-327 or MS-328 lamps are provided for 
each color in the filter. Comprising minia 
turized circuitry and components, unit 
can be mounted in compact modular 
arrangements flush with panel—stacked 
either side-by-side or vertically. For main 
tenance, single light assembly can be r 
moved from a stack without disturbing 
others. Color filters, nomenclature strip 
and lamps are changed by pressing on lens 
to eject 


a pushbutton type incorporating from on 


I'wo models are available—one 


to eight microswitche:s Priced from 
$22.50 to $35. Delivery in 30 days. Radar 
Relay Inc, 2322 Michigan Ave, Santa 
Monjea, Calif. 

Circle 303 on Reader Service Card 


Flow-divider valve .. . 


is dial-operated, simplifying flow-rat 


tion for hydraulic system svstems incor 

porating this valve are operated by fully 

yressure-compensated ontrolled flow 
I 


rather than bleed-off type arrangement 
using a flow regulator. Dial is a manually 


operated, detent positioned unit that 


mits selection of up to 10 





COMPONENTS * MATERIALS * PROCESSES 
. continued 


of flow from a constant delivery pump. It 
can be set to provide calibrated increments 
of controlled flow to meet specific capacity 
requirements of the motor—or, it can be 
adjusted to suit varied operating conditions. 
Flow rate is adjustable from zero to rated 
capacity. Once it is selected and set, motor 
speed is maintained regardless of load or 
pressure demands, with a built-in relief 
valve protecting the controlled flow cir- 
cuit. Fluid in excess of amount delivered 
to valve’s controlled flow port can be used 
to operate another completely independent 
system. Valve handles all standard hydrau 
lic fluids at temperatures up to 250 F. 
Available in two sizes—one with controlled 
flow from 0 to 15 gpm and rated input 
of 15 gpm and another with controlled 
flow up to 60 gpm with 80-gpm rated 
input flow. Hydraulic-Electronic Div, 
Fawick Corp, 9919 Clinton Rd, Cleveland 
11. 

Circle 304 on Reader Service Card 


High-pressure shut-off valve 
is equipped with Teflon seat which is com- 
pressed into a positive sealing O-ring. As 
free-turning Monel stem is screwed down 
to closed position, a portion of the seat 
is forced from its stainless steel swivel cage 
(attached to stem), forming a Teflon-to 
inetal seal. Cage’s swivel design is said to 
eliminate galling as valve is closed. Rated 
10,000 psi the 18-8 stainless steel valve is 
easily opened and closed under extreme 
pressure. When valve is closed, stem pack 
ing can be replaced without removing unit 
from line. Available in four sizes from 4 
to # in. Clayton Mark & Co, 1900 
Dempster St, Evanston, III. 

Circle 305 on Reader Service Card 


Vortex-velocity flowmeters .. . 
in 6-, 8- and 16-in. sizes, measure gas or 
liquid flow at high pressure. In the vortex 
velocity principle of flow measurement, the 
meter presents an offset chamber in side of 
pipe in which a natural vortex is allowed 
to develop. This vortex rides on pipe’s 


52 


main stream like a pulley on a belt. A 
linear relationship exists between vortex’s 
number of revolutions and main flow’s 
volume, and volume flowing though meter 
is read by counting revolutions of the rotor 
within the vortex. Rotation of rotor is 
transferred to outside of meter by mag- 
netic couplings and can be presented as a 
flow rate and/or an integrated flow signal. 
Flow range and capacity of meter depend 
on fluid properties and degree of accuracy 
required without applying calibration fac- 
tors. Each meter is fitted with an adjust- 
able internal bypass which serves as both a 
range adjuster and calibrator. From stock. 
Rotron Controls Corp, Woodstock, NY. 
Circle 306 on Reader Service Card 


Nylon epoxy “prepregs” .. . 
with satin or straight weaves, are available 
in 37-in. widths, off white in color. Weight 
of satin weave prepreg is 0.81 Ib per sq yd 
with monofilament nylon of 840 denier, 
5 harness weave containing 40% B-stage 
epoxy resin. Drape characteristics of the 
satin weave are said to be advantageous in 
molding shapes and contours. Typical ten- 
sile test results at 159.8 F show modulus 
of 25,000, ultimate strength of 12,600 psi, 
and yield of 3400 psi for a random lay-up. 
Resin has approx 20% flow at 289.4 F and 
volatile content of less than 1.5%. Tacky 
surfaces adhere in laminating. Straight 
weave prepreg has similar characteristics. 
Westinghouse Electric Corp, Micarta Div, 
Trafford, Penna. 

Circle 307 on Reader Service Card 
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ESNA FLOATING CLINCH NUT 


Floating clinch nut. . . 

for blind fastening, has two small lugs in 
a window-type basket retainer, providing a 
0.020-in. radial float. This float enables 
nut to automatically compensate for minor 
bolt hole misalignment of components 
being attached. Bracket has a short, 
knurled shank which is swaged flush into 


a punched or drilled hole in aluminum or 
soft steel sheets. Self-locking nut, made in 
carbon or stainless steel, is available in 
machine screw sizes #4, 6, 8 and 10. Series 
of three baskets with alternate shank 
lengths of 0.040, 0.060 or 0.090 in. is 
offered for each thread size. Locking de- 
vice is nylon insert which withstands tem- 
peratures up to 350 F. Sales Engineering 
Dept, Elastic Stop Nut Corp of America, 
2330 Vauxhall Rd, Union, NJ. 

Circle 308 on Reader Service Card 
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Cushion-type air cylinders .. . 
in 14 through 14-in. bore sizes, are suitable 
for working pressures to 250 psi and tem- 
peratures from —40 to 250 F. High tensile 
steel tie-rod construction is said to provide 
max strength, eliminate axial loading of 
tubes and increase shock loading capacity. 
Easily-serviced rod cartridge is removable 
with only a wrench and has dual-purpose 
O-rings to seal and maintain tension-pre- 
venting longitudinal motion. Dimensionally 
interchangeable units meet or exceed JIC 
standards. Sheffer Corp, 326 W Wyoming 
Ave, Cincinnati 15. 

Circle 309 on Reader Service Card 


High-speed clutches . . . 

available for variety of tractor drives, have 
counterbalanced release lever design, which 
permits high speed operation without in- 
creasing pressure required to release. Anti- 
friction roller action of the release levers 
is said to give instantaneous disengagement 
with min pedal pressure and longer lever 
life. The spring-loaded, dual-drive clutches 
contain built-in provision for live power 
takeoff. This auxiliary drive runs constantly 


continued on page 54 
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Don’t let in-line design get 
in the way of a compact product... 


"NEST’ COMPONENTS 
INSIDE THE BEARING BORE 


AFTER 
Colelantey-leig@el-+-t)-4am ales 
Kaydon Reali-Slim 


bearings) 


Motor assembly redesign shown above is” iid tec 
typical of the way Kaydon Reali-Slim bearings is an actual 
save space, reduce weight, cut costs! ) — gan 
Kaydon thin-section Reali-Slim bearings provide valuable component 9” bore, 
space inside the bearing bore. And use of a hollow shaft permits utiliz- V4" cross section 
ing this space for control rods, linkages, collets, counter-rotating shafts, and %” width 
clutches and brakes, to name a few possibilities. 

With Reali-Slim bearings, you save weight and space in both bearing 
and housing, reducing costs for materials, shipping, storage and handling. 

And large-bore Reali-Slim bearings give closer support to the outer 
edge of rotating parts, instead of the center only, which gives more 
rigidity and accuracy for moment loads. 

Stocked in 90 sizes! These Kaydon Reali-Slim Type CP bearings have 
Conrad deep-groove, ball-radial construction and new bronze, one-piece 
snap-over separator in 4” to 12” bore—'/,” to 1” width and cross section. 
Kaydon’s volume production cuts prices up to 76%, depending on size. 

Contact Kaydon now. Have the Kaydon sales engineer or distributor 
salesman in your area discuss Reali-Slim bearing applications for your 
products. Or write for free, fact-full “CP” bearing bulletin—with prices. 


ee 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . . Taper Roller 
Roller Thrust * Roller Radial *« Needle Roller * Ball Radial « Ball Thrust ¢ Four-Point Contact Bearings K-609R 
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COMPONENTS * MATERIALS * PROCESSES 


. continued 


from flywheel through a splined hollow 
shaft. Wide range of torque capacities de 
pend on choice of engagement springs and 
friction materials. Rockford Clutch Div, 
Borg-Warner Corp, Rockford, IIL. 

Circle 310 on Reader Service Card 





Miniature switchlight . . . 

is a DPDT snap-acting unit that combines 
two switching functions with separate, but 
related, lamp indication. Simple 
driver adjustment, before or after installa- 


tion, zeros switch at both poles for simul 


screw 


taneous switching. All components are 
contained in one anodized aluminum case, 
with individual lamp and switch terminals 
located in rear turret arrangement. Color 
coding is provided by non-rotating push 
button lenses in all standard clear or trans 
lucent colors. Both front and side illumina 
tion is available with the snap-on lenses 
Unit is said to last for 25,000 operating 
cycles at 28 v dc with 7-amp resistive load 
Lamps are standard two-pin, plug-in models 
with operating voltages from 5 to 28 v d 
Eldema Corp, 1805 Belcroft, El Monte, 
Calif. 

Circle 311 on Reader Service Card 


Five-digit impulse counter . . . 
contains rectifier to provide dc operation 
directly from a 110-v ac source. Surface 
mounted unit has a rated counting speed 
of 667 counts per min. and is said to last 
for at least 100 million counts. Can be 
used with any pulse generator capable of 
creating a pulse of the required specifica- 
tions. Its coil can be continuously ener 
gized. Depressing a pushbutton on the 
counter surface instantaneously resets all 
counting drums to zero. Unit, measuring 
184 x 23 x 3 in., can be remotely located 
from units or operations being counted. 
Figures are engraved while on black type. 
Landis & Gyr Inc, 45 W 45th St, New 
York 36. 

Circle 312 on Reader Service Card 


Synthetic-rubber adhesive . . . 
allows parts assembly within 2 to 5 min. 
after application. Said to be highly effec- 
tive in bonding porous materials such as 
urethane foam to metal. Recommended 
for adhering to steel, aluminum, brass, 
glass, neoprene, GR-S, Buna-N, phenolic, 
urea, polystyrene, fiberglass, felt, cork, 
masonite, leather, nylon, sponge urethane, 
sponge rubber and enameled surfaces. Can 
be applied in three ways: two-way dry 
stick; two-way wet stick; and two-way sol- 
vent activation. Pinkish tan in color, it 
has a solids content of 28 to 30% by 
weight and consistency of thin syrup. 
Bostik Dept, B B Chemical Co, 784 Me- 
morial Dr, Cambridge, Mass. 

Circle 313 on Reader Service Card 


Circuit protector .. . 
is a sealed, dc-operated, nonpolarized, elec- 
tromagnetic fault or overload current lim- 
iting device that resets itself. Speed of 
operation depends upon overload magni- 
tude, within 1 to 10 millisec of fault occur 
rence. ‘Trips within 10% of specified 
current. Allows testing or sampling of 
various loads without shutdown in event of 
a fault condition at any point. If fault 
occurs, unit automatically resets when 
switched to next point. Auxiliary contacts 
provide control for alarm or recording of 
when and where fault occurs. Priced at 
$15.50 each in quantities of 1 to 9. De- 
livery from stock or in 5 wk. North Elec- 
tric Co, Electronetics Div, Galion, Ohio. 
Circle 314 on Reader Service Card 
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Long-scale instruments . . . 

both ac and dc types, have pointers that 
move over a 250° arc scale more than 7 
in. long. Suitable for control and distri 
bution switchboards where readings need 
to be made at considerable distances, in 
struments accomplish long scale reading 
with accuracy of 1% of full scale value 
and in a panel size of only 44 in. Among 
ac devices available are ammeters, voltmet- 
ers, wattmeters and varmeters (single 
phase, polyphase, 3 phase 3 wire, 3 phase 
4+ wire), and frequency meters. De de- 
vices include ammeters and voltmeters. 
Ranges are: ammeter, 5-amp coil or self- 
contained to 20 amp; voltmeter, 150-v 
coil or self-contained to 800 v; and watt- 
meter, 5-amp, 150-v coils. All have mag- 
netic shielding, one magnetic shunt cali 


bration adjustment and front window zero 
adjuster that does not block scale and 
eliminates need for special tool to get zero 
indication. Ac ammeters and voltmeters 
operate on iron repulsion principle with 
air damping, while wattmeters and var- 
meters are of the dynanometer type with 
magnetic damping. Prices start at $93. 
Federal Pacific Electric Co, 50 Ave L, 
Newark 1, NJ. 

Circle 315 on Reader Service Card 
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Miniature pushbuttons .. . 
include four new forms: bat lever selec- 
tion switch; coin-operated selector switch; 
wobble-stick operator and cylinder lock 
selector switch. Separable operators, con- 
tact blocks, rings, selector switch knobs, 
illuminated forms and color caps are avail- 
able to provide “building block” construc- 
tion and wide variety of combinations. 
Miniature forms now equivalent in price 
to similar units in heavy-duty pushbutton 
line. General Electric Co, Schenectady 5, 
NY. 

Circle 316 on Reader Service Card 


Cubicles and panels... . 

in stock sizes, are made of heavy-duty 
#10 gage steel. Cubicles, with 2 x 2 x 
‘s-in. angle iron frames, are prime coated 
or painted and include full rear doors— 
with or without gasketing, butt hinges 
and 3-point locks. Sizes available are 72 
in. high x 24 in. deep and 24, 36 and 48 


Panels have 2 x 2 x ¥s-in. rein- 


in. wide. 
forcing angles across top and bottom with 
3-in. turnbacks on sides. Available with 
or without rear floor supports in 72-in.- 
high, 24, 36- and 48-in. wide sizes. 
Armesco Inc, Lansing & Bingham Sts, 
Philadelphia 11. 

Circle 317 on Reader Service Card 


Slow-speed tape reader ... 

is a photoelectric unit that reads any kind 
of 5-, 7- or 8-hole perforated paper tape 
at rates up to 20 characters per sec. 
Measures 6 x 4% x 4 in. and has no con 
tacts, brushes, motors, clutches and 
switches normally used in slow-speed tape 
readers. Includes all-solid state-circuitry, 
positive tape indexing, up to 60% light 
transmissivity and low-temp light source 
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that does not affect photocells. Available 
with a case for bench use, without case 
for OEM mounting or with 19-in. front 
panel for mounting in standard relay racks. 
Priced at $395 with optional amplifiers 
and drive circuitry. Invac Corp, 14 Huron 
Dr, Natick, Mass. 

Circle 318 on Reader Service Card 


Size-11 magnetic clutches 
and brakes... 

have output torques of 80 oz-in. with low 
power consumption of 3 w at 24 v d 
Contain no slip rings and have zero back 
lash and endplay. Clutching and brak 
ing action is accomplished without angular 
Input and 
output shafts are concentric with servo 
mounting pilot within 0.0015 TIR and 
precision ball bearings are shielded where 


displacement or axial motion. 


required. Average characteristics at 24 to 
28 v de include: breakaway torques of 0.15 
oz-in.; max engagement times of 15 milli 
sec; output inertia of 0.026 oz-in” for 
both clutch and brake; and input inertia 
of 0.097 oz-in* for clutch Standard 
temperature range is —67 to 248 F. Max 
recommended speed is 5000 rpm. Guid- 
ance Controls Corp, 110 Duffy Ave, 
Hicksville, LI, NY. 

Circle 319 on Reader Service Card 


Hi-temp valve .. . 
is for either gas or liquid service at 
temperatures up to 1000 F and pressures 
to 30,000 psi. Even higher fluid tem 
peratures can be used if valve body is well 
insulated and packing area well ventilated. 
An elongated stuffing box removes pack 
ing from “hot zone” in valve body itself. 
I'wo-piece stem which does not rotate 
against seat, is included, eliminating pos 
sibility of seat or stem being galled or 
scored. Autoclave Engineers Inc, 2947 
W 22nd St, Erie, Penna. 

Circle 320 on Reader Service Card 


Radius-cornered hexagon rods 
are available in all standard sizes. Rounded 
corner design, formerly a special radius 
service, is said to provide rod weight sav- 
ing (averaging 4%), longer screw machine 
life, increased rod size capacity and less 
rod damage. Primarily made in free-cut- 
ting brass, rods also can be furnished in 
naval and leaded naval brasses, manganese 
bronze, nickel-silver and other alloys. 
Used for making bolts, nuts, hydraulic 
and automative fittings and other parts 
where the hex serves as a wrenching shape 
and priced at no increase over cost of 
regular sharp-cornered hex rods. Titan 
Metal Mfg Co, Div. of Cerro Corp, 
Bellefonte, Penna. 

Circle 321 on Reader Service Card 
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Handbook of Consulting 
Practice for Mechanical 
Engineers 


American Society of Mechanical Engineers, 29 
W 39th St, NY 18. 6 x 9, 32 pp. $2. 


This handbook sets forth the 
proper approach in obtaining profes- 
sional engineering services, in estab- 
lishing the fundamental structure for 
cngineering agreements, and in deter- 
mining the general conditions that 
should apply to the conduct of engi- 
neering assignments under various 
types of agreements. 

Although this publication has been 
copyrighted, the Engineers Joint 
Council gives permission for it to be 
adopted and reprinted as a whole by 
any professional engineering society 
of this country on application in writ- 
ing—so that records may be kept. 
Such societies may issue their own 
copies and include in an appendix 
those practices which are important 
to them but are not discussed in this 
publication. 


Linear System Analysis 


PAUL E PFEIFFER. McGraw-Hill Publishing Co 
Inc, 330 W 42nd St, NY 36. 61% x 91%, 538 
pp. $12.50. 


Because it is intended chiefly as an 
undergraduate text, this book can 
serve as an introduction to the theory 
and methods of linear-system analy- 
engineers whose advanced 
math has gotten a little rusty. The 
author has thoughtfully provided re- 
fresher courses in all those phases of 
mathematics, beyond calculus, 
needed to understand the theory of 
linear systems. In a space of some 30 
pages, Chapter 2 reviews such mathe 
matical topics as complex variables, 
polynomials, rational functions and 
determinants. And later chapters 
take up linearized dynamic equations, 
Laplace transforms, transfer functions 
and matrices. For the practicing en- 
gineer, the author, professor of elec- 
trical engineering at Rice University, 
offers this advice: The first several 
chapters will “put you in touch with 
the essential theory needed for ap- 
plication without requiring too much 
theoretical background.” The person 
who is prepared to work at a more 
advanced level may find Chapter 8 
(“Some Mathematical Properties of 


SIS for 


Transformation”) and 
Chapter 9 (“The Transfer Func- 
tion”) of interest. In __ particular, 
Chapter 9 wraps up a great deal of the 
important theoretical development of 
discrete - parameter time - invariant 
linear systems. 


the LaPlace 


Other Books of Interest 
The Dynamical Theory of Sound 


Horace Lamb. Dover Publications Inc, 180 
Varick St, NY 14. 5% x 8, 304 pp. $1.50. 

Unaltered paperback edition of second edi- 
tion originally published in 1925. 


ASTM Standards on Petroleum 
Products and Lubricants 

American Society for Testing Materials, 1916 
Race St, Philadelphia 3, Penna. 6 x 9%, 1125 
pp. Members $7.60; others $9.50. 


ASTM Specifications for Steel 
Piping Materials 

American Society for Testing Materials, 1916 
Race St, Philadelphia 3. 6 x 94%, 521 pp. 
Members $5.60; others $7. 

Management Guide to Applied 
Industrial Psychology 

B T Lewis, W W Pearson. John F Rider Pub- 
lisher inc, 116 W 14th St, NY. 5Y2 x 82, 80 
pp. $1.50. 

High-frequency Magnetic 
Materials 


W J Polydoroff. John Wiley & Sons Inc, 440 
Park Ave South, NY 16. 6 x 91%, 220 pp. $9. 


ABSTRACTS 
FROM THE LITERATURE 


Electrical Contacts 

Tables and charts give the most 
suitable materials for contact points 
together with contact diameters. Man- 
ufacturers’ code numbers for all alloys 
are also given in a cross-reference 
table. 


“Let's Take Some of the Mystery Elements Out 
of Electrical Contacts,” by Childress B. Gwyn 
Jr, Gibson Electric Co. Published in NARM 
Relay Symposium Papers at 8th Annual Relay 
Symposium at Stillwater, Okla. 


Reliability of Pilot Lights 
The principal ways in which mal- 
function can occur in pilot lights are 
described and some of the ways in 
which these problems can be mini 
mized or eliminated are discussed. 


“Reliability of Industrial Pilot Lights As Indi- 
cating Devices,” D. L. Pettit, Square D Co. 
AIEE paper CP 61-106. American Institute of 
Electrical Engineers, 33 W 39th St, New 
York 18. 


- 
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Miniature 
Model 0330 


THE , 
“BIG IDEA” ~~ 


OFTEN, PROBLEMS OF PRODUCT 
FUNCTION CAN BE SOLVED WITH 
AIR PRESSURE OR VACUUM. 
“AIR MAY BE YOUR ANSWER!” 


For the Type, Size, 
Drive you need— 
specify 


GAST VACUUM PUMPS 
and AIR COMPRESSORS 


On your current design project, consider the bene- 
fits Air offers. Applied as pressure or vacuum, it 
solves many knotty functional problems better than 
other methods. 


It’s versatile...easily controllable...and economical. 
With a small Gast Air Pump, you can provide great 
force and power. Use air to hold, lift or feed ma- 
terials . . . to fill or evacuate . . . convey solids or 
liquids . . . move or reciprocate parts . . . to pres- 
surize, agitate, atomize, oxygenate . . . and for con- 
trolling, sampling, testing. 

The Gast Line of Air Pumps offers you a wide 
range for selection. Simple, rotary-vane design is 
dependable . . . and maintains high efficiency. Air 
delivery is “pulseless” and quiet. So consider using 
air on your product—and check with Gast for 
engineering suggestions. 


LUBRICATED AIR PUMPS 


SERVICE. Light-duty, Heavy-duty 
CAPACITIES. ...0.6 to 50 c.f.m. 


OIL-LESS AIR PUMPS 


SERVICE Light-duty 
CAPACITIES...0.35 to 24 c.f.m. 


To 15 p.s.i.g. 
MOTORS....1/40 to 14 h.p. 
Integral-motor, 

Direct coupled, V-belt 


Integral-motor, 
Direct coupled, V-belt 


WRITE FOR CATALOG AND "APPLICATION IDEAS” BOOKLET! 





Air Motors * Vacuum Pumps * Compressors 


@ CAST rssnuractuans cove 





P.O. BOX 117-¥, BENTON HARBOR, MICHIGAN 
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New! BEAD CHAIN DRIVES 


Low-Speed, Positive Drives or Motion Transfer 
«+ Af Far Less Cost! 


NOW—BEAD CHAIN—QUALIFIED FOR DRIVES 


Swivel-like Bead Chain and special non-slip sprockets make 
any drive possible ... at low cost... eliminates expensive 
gears, universal joints, etc. Perfect for inaccessible locations! 








» Kinkless 


Chain of a thousand uses! Low 
cost, attractive, easy to usel 
5 Sizes: 3/32" to %”. 
Strengths 20 to 200 Ibs. 


Write for FREE Catalogs! 


TAG CHAINS 








SUSPENSION CHAINS DOOR CHECK 





* 
THE B}EAD CHAIN MFG. CO. 


92 Mountain Grove St., Bridgeport, Conn. 
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| Lepel 


High Preguency Juductiou 


HEATING EQUIPMENT 


n “Ws Hardening * Annealing * Soldering 


y Brazing * Zone Refining * Crystal Growing 


ELECTRONIC TUBE GENERATORS 
1 kw; 2'2 kw; 5 kw; 10 kw 
20 kw; 30 kw; 50 kw 
75 kw; 100 kw.” 


SPARK GAP CONVERTERS: 
2 kw; 4 kw; 7'2 
15 kw; 30 kw 


y * WRITE FOR THE NEW LEPEL 2 
CATALOG 36 illustrated pages = 
of valuable information. : 

HIGH FREQUENC 

Lepel LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77, Nv. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE 





kw 
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RULON — first 
practical fluorocarbon 
for cup packings 


Dixon’s new post-forming technique 
makes use of Rulon’s plastic memory 
to insure tight seals under all condi- 
i . at lower cost than ever 


Packings of Rulon (filled TFE) 
give you: (1) low friction, (2) high 
resistance to wear, (3) low deforma- 
tion under load (% that of Teflon*), 
(4) wide temperature tolerance 
(—400° to +500°F), (5) chemical 
inertness, (6) lube free operation, 
and (7) zero water absorption. 


RULON now serves in pumps, 
valves, motors, compressors and 
scores of other products manufac- 
tured by leading companies across 
the nation. Dixon offers the widest 
variety of basic shapes, both in 
RULON and Teflon . . . plus engi- 
neering capability to formulate spe- 
cial reinforced fluorocarbons for 
special needs. Also, Dixon can sup- 
ply molded, machined, stamped, cut 
or extruded parts to meet your print. 

See our guide-book 
on RULON, Bulletin 
#9572, in Sweet’s Prod- 
uct Design File or send 
details for recommenda- 
tions. DIXON COR- 
PORATION, 18 
BURNSIDE ST., 

BRISTOL, R. I. oteten ta. 


DIXON 
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DESIGN LITERATURE... 


continued | 


Metric Conversion—Con 

his paper summarizes a number ot | 
the technological and other arguments | 
against conversion of the present US 
system of measurement to the metric. 


“Physical Standards and Units of Measure- 
ment,” R. P. Trowbridge, General Motors Corp. 
SAE paper 287B. SAE, 485 Lexington Ave, 
New York 17. 


Viscosity 

Two-part article discusses basic 
concepts; equipment for measuring 
viscosity; viscosity-temperature _rela- 
tionships; effects of shear, pressure, 
nuclear radiation; film lubrication; 
flow in pipes. 

‘Viscosity, Lubrication, Jan-Feb, ‘61. 
Inc, 135 E 42nd St, New York 17. 


Texaco 





CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
ecard inside back cover. 


FASTENERS—Catalog 161, 20 pp. Con 
tains size ranges, materials available, physi 
cal and mechanical requirements, locking 
ability data and welding information for 





production runs on lock, clinch, weld, spe 
cial and semifinished nuts. Grip Nut Co, 
Sub of Heli-Coil Corp, South Whitley, 
Ind 

Circle 350 on Reader Service Card 


PHOTOELECTRIC CONTROLS—Bul 
letin 611, 22 pp. Mechanical and elec 
trical characteristics are 
aturized 


given for muni- 


“electric eyes,” ranging from 
light sources and photo units to time 
delays. Includes photographs and_ sche 
matics of diversified photoelectric systems 
control 


96 S Wash 


and discussion of photoelectric 
advantages. Photomation Inc, 
ington Ave, Bergenfield, NJ. 

Circle 351 on Reader Service Card 


ELECTRONIC CONTROL METERS— 
Data file, approx 12 pp. Carries exploded 
views of two continuous-output models 
and schematics showing their output vs 
scale length, input voltage and tempera 
ture. Standard ranges and specifications 
are outlined and dimensions are illustrated 
International Instruments Inc, 88 Marsh 
Hill Rd, Orange, Conn 

Circle 352 on Reader Service Card 


BOLT FATIGUE LIFE Lab report 
2750, 8 pp. Discusses effect that surface 
carbon has on structural performance of 
bolts and similar heat-treated components. 
Explores exact relationship of surface car 


bon to fatigue life and singles out rela 


continued on page 59 
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«+» Saves 35 
machining operations 


This target revolver barrel is now 
being made by the new Hitchiner 
Ceramic Shell technique of invest- 
ment casting. Thirty-five machin- 
ing operations are eliminated! 
Theonly external finishing required 
is partial polishing. 

Investment casting may provide 
many benefits for you... choice 
of alloy... flexibility of design... 
improved parts performance... 
reduction of costs. Maybe one of 
your parts can be made better 


for less. Write for 


complete 
technical 
and facilities 
information. 
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NEW OPENINGS at 
Bausch & Lomb 


MECHANICAL ENGINEERS 


Several openings are available in the Mechanical Design Section 
where an engineer has project responsibility from specifications to a 
saleable product. The products involved are mechanical—electrical— 
optical in nature. These positions require board design, inter-plant 
engineering coordination, drafting supervision and production as- 
sistance. 


PROJECT ENGINEERS 


The Military Products Department has several challenging open- 
ings for Project Engineers. These men will have broad project re- 
sponsibility in the area of optical and electro-optical systems. Should 
be familiar with Military R.&D. Specific optical experience not re- 
quired. Educational background may be in either Electrical or Me- 
chanical Engineering or Physics. 


MATHEMATICIAN 

M.S. or Ph.D. to be responsible for basic research in the Thin 
Film area. Also openings for Mathematicians with an interest in 
Computors and Programming and in Lens Design. 


OPTICAL ENGINEERS 


Section Head with mature background in optical, mechanical, 
electro-optical or related systems for military projects, with primary 
emphasis on optical system design and hardware follow-through. 
(Career opportunities also available for qualified optical engineering 
section personnel.) 


PRODUCTION ENGINEER 


Department Head for machine and tool design with broad ex- 
perience in mechanical and electro-mechanical manufacturing. Sev- 
eral openings also available for Production Engineers in the areas of 
Time Study, Process Engineering, and Quality Control. 


LIVE IN ROCHESTER 


...in the heart of upstate New York vacation country. Roch- 
ester is noted for its fine schools and the University of Rochester 
(with its Institute of Optics), beautiful homes and gardens, outstand- 
ing cultural advantages, and high ratio of professional residents. 


Please send resume to: H. A. Fre, Professional Employment 
17 Bausch Street, Rochester 2, N. Y. 


Bausch & Lomb Incorporated 











| spill 


SIMPLIFY 


¥ 

p a 0 5 L ft he Uneven loads will 
; not sway, tip or 
tilt because off-center load is evenly distributed on both 
springs. Variable ratio springing adjusts self to road con- 
ditions, Deflection rate changes automatically to produce 
exactly right capacity to properly balance spring tension 
with load. Lower center of gravity without sacrifice of clear- 
ance. Only four bolts to mount... no assembly required. 
Just two friction bearings with renewable friction inserts 
control spring action. i 


LEVEL-LOAD 
TRAILER AXLE 


PRIOR PRODUCTS, INC. / P. 0. BOX 7608 - DALLAS, TEXAS 


- 
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SALES REPS WANTED 


New and expanding corporation requires sales rep- 
resentatives for its G-10 product—a _ copper-clad 
epoxy glass base material—used for etching, 
printed, flush and plated circuits. Many territories 
open. inquire immediately to: 


PRECISION LAMINATES 
7 East Franklin St. Danbury, Connecticut 











EMPLOYMENT 
AGENCY 

















CHALLENGING POSITIONS ARE OFFERED TO 
Mechanical, Industrial and Design Engineers 
BY EXPANDING MIDWESTERN FIRMS 
Starting Salaries Range From 
$5,000 to $12,000 a year. 

With Increases 


PERSONNEL ENGINEERING 


1102 Broadway Rockford, Iilinois 
3300 Peterson Ave. Chicago 45, I. 








Your Inquiries to Advertisers 
Will Have Special Value .. . 


—for you—the advertiser—and the 
publisher, if you mention this pub- 
lication. Advertisers value highly 
this evidence of the publication you 
read, Satisfied advertisers enable 
the publishers to secure more adver- 
tisers and—more advertisers mean 
more information on more products 
or better service—more value—to 
YOU. 
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DESIGN LITERATURE........ .continued 


tively new method of hardness determina 
tion as reliable indicator. Standard Pressed 
Steel Co, Box 545, Jenkintown, Penna 

Circle 353 on Reader Service Card 


BLOW MOLDING—Booklet 500-340, 18 
pp. Describes and illustrates design and 
construction of extruder screw, blow-head 
and mold, as well as proper processing con- 
ditions, all of which contribute to eco- 
nomical rapid-cycle production. Formulas 
are given, showing effect of swell ratio vs 
die size in producing a molding of given 
weight and capacity. Blow-molding tech- 
niques, past and present and new mar- 
kets for blown shapes are traced and il- 
lustrated. Hercules Powder Co, Hercules 
‘Fower, 910 Market St, Wilmington 99, 
Del. 

Circle 354 on Reader Service Card 


SWITCHES 
Supplies di 


SNAP-ACTING LIMIT 
Bulletin GEA-7319, 2 pp 
mensions, contact ratings and prices of 
three available button operated, 
plunger operated and roller-lever—for lim 
ited space applications. General Electric 
Co, Schenectady 5, NY. 

Circle 355 on Reader Service Card 


forms 


PANEL METERS-—Bulletin FK-61163-N 
361, 4 pp. Lists 95 ranges available as ac 


and dc voltmeters, ammeters, milliam 





FULL CONE—HOLLOW CONE—FLAT SPRAY 


| 
Spraco has the most complete line of nozzles available 
| 


anywhere 


Write for our nozzle catalog. 


SPRAY ENGINEERING CO., 133 Cambridge S:., Burlington, Mass. 


IN STOCK. Capacities range from 1% pint /min. 


to 4000 gal. /min. Bronze, cast iron, and stainless steel. 


meters and microammeters Describes 
and illustrates the basic rectangular unit, 
supplying standard specifications and other 
data and modifications available. Helipot 
Div, Beckman Instruments Inc, 2500 Har 
bor Blvd, Fullerton, Calif. 

Circle 356 on Reader Service Card 


MANOMETERS-Brochure, 8 pp. De- 
tails theory and application of pressure 
standards, to include accuracy, versatility, 
hydrostatic balance principle on which 
they operate, and indicating fluids. Dis- 
cusses and presents schematics of well 
and movable-well types, U-types and slant- 
tube types. Dynametrics Corp, North- 
west Industrial Park, Burlington, Mass. 
Circle 357 on Reader Service Card 


MULTITURN POTENTIOMETERS — 
Bulletin, 2 pp. Covers 3-, 5- and 10-turn 
models, with specifications, dimensional 
data and illustrations. Prices are included. 
Sales Engineering Dept, Voak Engineer- 
ing Co, 129 A St, Uplands, Calif. 

Circle 358 on Reader Service Card 


CARBON-GRAPHITE MATERIALS 

Bulletin S-5425, 8 pp abulates 18 
grades of carbon, graphite, and carbon- 
graphite for such mechanical uses as bear- 
ings, bushings and seals and lists proper 
ties for each grade. Discussion and illus 
trations are included on the materials’ elas 
tic modulus, total impermeability, main 


iB 
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yp to 1700. 


Are you working out a 
problem with a surface 
that’s “too hot to paint’’? 
Heat-Rem H-170 may 
be the answer. 
Available in 18 high heat resisting shades, 
it permits color coding or complete finishing 


tained flatness, thermal conductvity, etc 
Design tolerances also are charted. Na 
tional Carbon Co, 270 Park Ave, New 


York 17. 
Circle 359 on Reader Service Card 


VENTURI VALVES—Pamphlet, 6 pp 
Outlines operation, materials, sizes and 
weights and pressure-drop and cavitation 
characteristics. Chart of flow vs pressure 
drop covers experimentally determined dis- 
charge coefhcients and diffuse recovery 
efficiencies for venturi sections. Fox Valve 
Development Co Inc, 36 Brentwood Dr, 
Verona, NJ. 

Circle 360 on Reader Service Card 


DC POWER SUPPLIES—Catalog PS361, 
16 pp. Supplies specifications, regulations 
and photos of modular, rack and cabinet 
models with outputs up to 30 amps and 
60 v, and regulations of 0.01 and 0.1%. 
Discusses and illustrates design principles 
used to achieve 80% efficiency. Price list 
is included. Valor Instruments Inc, 13214 
Crenshaw Blvd, Gardena, Calif 

Circle 361 on Reader Service Card 


SYNCHRONOUS AC GENERATORS— 
Bulletin 2100-PRD-254, 2 pp. Gives speci 
fications and design features of models 
rated 187 kva and larger. Electric Ma 
chinery Mfg Co, Minneapolis 13. 

Circle 362 on Reader Service Card 


High heat paint — 


at-Remn H-170 


48 colors 


of metal components subjected to temper- 





atures from 600° to as high as 1700° (depend- 
ing on color used). Typical applications are 
jet missile tubes, rocket motors, pressure 
furnaces, condensors, etc. 

Heat-Rem H-170 virtually fuses with hot 
metal surfaces . 
that’s resistant to moisture, mild acids, 
alkalis and industrial fumes. Write for full 
details, requesting bulletin L-9240. 


. forms a bright finish 


A-2214A 














= Ve CONE 
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Cleveland 9, Ohio 


HOLLOW CONE 
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582—NATURAL FREQUENCY OF NON. 
LINEAR VIBRATION ISOLATORS 
Simple algebra and a force-deflec 
tion curve are enough for complete 
analysis 

583—HOW LINEAR ARE FIOW-CON- 
TROL VALVES? 
The 8 common valves and their re 

equations 


seven most tests 


and 


sponse 


Company 


It this is change of address, check box | 


584— WHICH “LOGIC” CONTROL? 
Electromechanical, magnetic or semi 
conductor controls to be 
decision-making systems are 
pared and described 


com 


585—WHAT BERYLLIUM CAN DO 
It challenges titanium and steel in 
strength-to-weight ratio 


586—FLEXIBLE METAL TAPES 
Properties of steel tapes and how 
they can be designed to transfer 
loads 


587—NON-LINEAR VALVES 
Eleven special types that vary fluid 
flow in any nonlinear manner desired 


..Title 


Zone 


Major Product 
..Manufactured 





21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


] 

2 
3 
“ 
5 
6 
7 
8 
9 


221 
142 222 
143 223 
144 224 
145 225 
146 226 
147 227 
148 228 
149 189 229 
150 190 230 
15) 211 23) 
152 212 232 
153 193 213 233 
154 194 214 234 
155 195 215 235 
156 196 216 236 
157 197 217 237 
158 198 218 238 
159 199 219 239 
160 200 220 240 


REPRINTS 


580 
592 


58 2 585 586 587 588 589 
9 601 602 603 


593 ~ 5 597 598 599 600 


261 281 301 301 
262 282 302 317 332 347 362 
263 283 303 318 333 348 363 
264 284 304 319 334 349 364 
265 285 305 320 335 350 365 
266 286 306 321 336 351 366 
267 287 307 322 337 352 367 
268 288 308 323 338 353 368 
249 269 289 309 324 339 354 369 
250 270 290 310 325 340 355 370 
251 271 291 311 326 341 356 371 
252 272 292 312 327 342 357 372 
253 273 293 313 328 343 358 373 
254 274 294 314 329 344 359 374 
255 275 295 315 330 345 360 375 
256 276 296 
257 277 297 
258 278 298 
259 279 299 
260 280 300 


376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 


244 
245 
246 
247 
248 





*MULTIPLE 
Key No. 


PRODUCT ADS 
Specific Product 








590 591 





FOR YOU: USEFUL NEW DESIGN IDEAS! 


Have your personal copy of PRODUCT ENGINEERING sent each week to your office 
or home. ACT NOW. Fill out this card today. Don’t miss a single issue. 


U.S. only 


Canada 


1 year — NOW $3 
1 year — $5 
Payment Enclosed 


2 years —-NOW $4 
2 years — $8 


| Bill me 





Home 


Address Office 


City 


Company Name 


Products Mfgd. or Designed 


Please check your job function: 


] Product Design Engineering 
| Manufacturing 


[ |] Administrative Engineering 


Your Title 


State 


Your Dept. 


Research & Development Engineering 
| Company Management 


used in 


588—MATERIALS FOR INSTRUMENT 
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Extensive wear tests show which 
material to select under various op- 
erating conditions 
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relationships between scales 
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Gear Motors (see also Motor Reducers 


Heating Units 


Hose & Tubing 


Joints 


Swing & Swivel 
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Motor Reducers (see also Gear Motors 


Motors, A-C 
Fractional 
Integral 

Motors, Air 

Motors, D-C 
Fractional 
Integral 


Motors, Hydraulic 


Nicke! Alloys 


Nozzles 


Plastics 

Plastics Fabricated 

Power Packs 
Hydraulic 

Pressure Switches 

Pumps 


Air 
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Reproduction Equipment 
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4th Cover 
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Floating Valve-Pin 


A Norgren extra that 
assures leak-proof seating 
of the regulator valve 


A tight, leak-proof seating of the valve 

is essential to the proper performance of 

a pressure regulator. Leakage and 

creep can be caused by improper alignment 
of the valve-pin, resulting in gouges and 
excessive wear on the valve seats. 


To prevent this, Norgren Regulators are made 
with a floating valve-pin, eliminating critical 
alignment problems. The Norgren floating 
valve-pin is self-aligning, assuring positive 
seating of the valve. As a result, there is 
minimum wear on the valve seat, with increased 
service life and more dependable 

regulator performance. 


Whatever your pressure regulation need, 
there is a Norgren Pressure Regulator 
designed for the job. Call your nearby 
Norgren Representative listed in 

your telephone directory—or write factory 
for literature showing complete 

Norgren Regulator line. 


FOUNDED IN 1926 


C. A. NORGREN CO. 


3428 SOUTH ELATI STREET « ENGLEWOOD, COLORADO 
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Norgren 

Pressure Regulators 
give you these important 
features: 


Balanced Valve Construction 
improved regulator performance 


Large Nylon-reinforced Synthetic 
Rubber Diaphragm—long service life 


Baffle and Siphon Tube 
increased accuracy 


Large Passages and Valve Openings 
large flow capacity 


Easy servicing while still on fluid-line 


Floating Valve-Pin- 
assures better seating 
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MOTORS 
BY THE 


You’re buying motors by the pound 


when price is the only consideration 


SAI 


[| 


Today's machine tools can’t afford motors 
selected on the basis of price alone 


Modern machine tools are designed to manufacture 
products of great precision at the lowest possible cost. 
But a machine tool is only as productive as the electric 
motors that drive it. Motors purchased on the basis of 
price alone often fail to give their users the greatest 
value in terms of useful service life. 


The selection of the right motor to power your products 
requires not only specification of type, rating and oper- 
ating characteristics, but consideration of such factors 
as uniform, troublefree performance, dependable long- 
life operation, the reputation of the manufacturer, and 


his ability to provide immediate repair parts and service 
—when and where they’re needed. Wagner® motors 
have earned their reputation for proven dependability 
in their specific applications. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


WatnarEledteic Guepesation 


6406 PLYMOUTH AVENUE, ST.LOUIS 33, MISSOURI 


WM6l-4 
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